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Statement of Disclaimer 
 
This project report is a result of a class assignment; it has been graded and accepted as 
fulfillment of the course requirements. Acceptance of this report in fulfillment of the 
course requirements does not imply technical accuracy or reliability. Any use of 
information in this report is done at the risk of the user. These risks may include, but 
may not be limited to, catastrophic failure of the device or infringement of patent or 
copyright laws. California Polytechnic State University at San Luis Obispo and its staff 
cannot be held liable for any use or misuse of the project. 
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This report is on the Dell Medical School Academic Building located in Austin, Texas. 
The life safety and prescriptive based code requirements are summarized within this 
report. It also includes conceptual fire protection and fire alarm system design. This 
report mentions University of Texas System Owner’s Design Guidelines that exceed the 
required code requirements.  
This report was developed when the building was in the Design Development stage. 
Since, code deficiencies have been addressed, and changes have been made to the 
building during the remainder of the design process, this report does not reflect the 
actual construction or protection strategies used for this building.   
The building includes an atrium that requires a smoke management system by code. 
The smoke management system was the focus of the performance based design. The 
smoke management system was designed in accordance with CFD modeling and 
exceeds the requirements found in NFPA 92. As a result from CFD modeling, it is 
recommended that corridors that were originally included in the atrium design be 
excluded from the atrium space in order to reduce smoke entrainment within these 
corridors. Conservative assumptions were made throughout the performance based 
design in order to ensure all occupants can egress the building safely in the event of a 
fire scenario.  
Egress modeling was performed utilizing hand calculations. Hand calculations were 
deemed to provide an accurate estimation for egress time, as occupant loads and exits 
were evenly distributed throughout the upper floors of the building. At the time of this 
report, both stairs discharged within the atrium. Therefore, egress modeling was 
required for the entire building, as opposed to just the atrium, in order to satisfy the 
requirement that CFD modeling must be performed for 1.5 times the calculated egress 
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Dell Medical School Academic Building is one of multiple buildings that are part of a 
$334 Million construction project to bring a Medical School to the University of Austin 
Campus. The project includes research, educational, administrative facilities, medical 
office building and parking garage totaling 515,000 square feet. A new hospital is 
scheduled to be built as a portion of this campus. The Medical School Campus is built 
on the University of Texas at Austin campus located between Interstate 35, Martin 
Luther King Jr. Boulevard, and Trinity Street. A long term proposal of this campus will 
eventually call for relocation of the Frank Erwin Center in six to fifteen years. The Dell 
Medical School is the fifth medical school of the University of Texas system.  A site plan 
of the Dell Medical School Campus can be found below in Figure 1.  
 
Figure 1. Dell Medical School Campus Site Plan (Page) 
The Dell Academic Building (DAB) serves as an educational building for the Medical 
School. Students attend classes, lectures, and meetings within this building. The DAB 
contains offices, one lecture hall, two anatomy labs, conference rooms, a cafeteria, and 
locker rooms. The offices found within the DAB are provided for the Dean, 
administration, professors, and students.  
The Academic Building (shown in Figure 1) is approximately 75,000 gross square feet 
(sq.ft.). The building is 6 stories including an intermediate level (Level 1.5) and a 
mechanical penthouse. Level 1 contains areas that are considered high ceiling, which 
allows for an intermediate level between Levels 1 and 2 in the areas that are not high 
ceiling. This intermediate level is referred to as Level 1.5. Each Level is the following 
size:  
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▫ Level 1: 15,611 sq.ft.  
▫ Level 1.5: 4,572 sq.ft.  
▫ Level 2: 15,228 sq.ft.  
▫ Level 3: 15,537 sq.ft.  
▫ Level 4: 15,421 sq.ft.  
▫ Level 5: 13,530 sq.ft.  
▫ Penthouse:  7,617 sq.ft. 
The DAB includes a 5-story atrium open to Levels 1-5. The intermediate level and 
penthouse level are not open to the atrium.  A rendering of the interior of the DAB can 
be found below in Figure 2.  
 
Figure 2. Dell Medical School Academic Building Interior Rending (Page) 
The atrium (shown above in Figure 2) contains a grand staircase that spans all 5 levels 
of the atrium. The atrium has three exterior walls and one interior wall. The atrium is 
separated from the remainder of the DAB in order to reduce the unique hazard that the 
atrium presents. The upper floors of the DAB must use the atrium as a portion of exit 
access. The glass curtain wall is equipped with natural make up air openings in lieu of 
providing mechanical make up air for the smoke control system.  
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Applicable Codes and Standards 
 
The DAB is a portion of the University of Texas at Austin system and must comply with 
NFPA 101 Life Safety Code 2012 Edition (LSC) enforced by the Texas State Fire 
Marshal. The DAB utilizes portions of the International Building Code 2012 Edition (IBC) 
to supplement the LSC. The DAB is not required to comply with local codes and 
amendments; however, there is coordination with the local fire department as they are 
considered the first responders. The International Fire Code 2012 Edition (IFC) is 
utilized for site fire protection.  Other applicable codes that are referenced are the 
following:  
 NFPA 10 Standard for Portable Fire Extinguishers, 2010 Edition (NFPA 10) 
 NFPA 13 Standard for the Installation of Sprinkler Systems, 2010 Edition (NFPA 
13) 
 NFPA 14 Standard for the Installation of Standpipe and Hose Systems, 2010 
Edition (NFPA 14) 
 NFPA 20 Standard for the Installation of Stationary Pumps for Fire Protection, 
2010 Edition (NFPA 20) 
 NFPA 72 National Fire Alarm Code, 2010 Edition (NFPA 72) 
 NFPA 80 Standard for Fire Doors and Other Opening Protectives, 2010 Edition 
(NFPA 80) 
 NFPA 90A Standard for the Installation of Air-Conditioning and Ventilating 
Systems, 2012 Edition (NFPA 90A) 
 NFPA 92 Smoke Control Systems, 2012 Edition (NFPA 92) 
In addition to the codes above, the DAB must also comply with University of Texas 
System’s Owner’s Design Guidelines (UT Design) and University of Texas Austin 
Construction Standards (UT Standards). 
Occupancy Classification 
 
The DAB is considered a mixed-use nonseparated building (IBC § 508.3). The DAB 
contains the following occupancies classified in accordance with the LSC and IBC: 
• Assembly 
▫ Group A-2 (IBC §303.1) 
▫ Assembly (LSC §6.1.2.1) 
• Business 
▫ Group B (IBC §304.1) 
▫ Business (LSC §6.1.11.1) 
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▫ Group S-2 (IBC §311.1) 
▫ Storage (LSC §6.1.13.1) 
Construction Requirements 
 
The DAB is classified as mixed use (A-2/B/S-2) nonseparated in accordance with IBC § 
508.3. Assembly A-2 is the most restrictive occupancy type for height and area 
limitations. The allowable building area and height limitations must be based upon the 
most restrictive occupancy groups under consideration for that type of construction (IBC 
§ 508.3.2). Therefore, the minimum construction type due to height limitations is Type 
IB.  The maximum height allowed is 180 feet. The maximum number of stories allowed 
is 12. The maximum allowable area is unlimited.  
Additionally, the DAB must comply with NFPA 101 for this project. A boardroom exists 
on the Level 5 (Considered the 6th Floor) with 63 occupants. This is considered 
assembly occupancy. Assembly occupancies on the 5th floor or greater require a 
minimum Type 222 construction (NFPA 101 § 12.1.6). 
Structural Requirements  
 
The DAB has the following required structural fire resistance ratings in accordance with 
Table 1 below: 
Table 1. Structural Fire Resistance Ratings 
Structural Element IBC LSC 
Structural Frame 
(1 hour when supporting roof only) 
2 hours (Table 601a) 2 hours (A.8.2.1.2) 
Floors (Floor/Ceiling Assemblies) 2 hours (Table 601) 1 hour (A.8.2.1.2) 
Roofs (Roof/Ceiling Assemblies) 1 hour (Table 601) 0 hour (A.8.2.1.2) 
Shaft Enclosures 
(no less than assembly penetrated) 
2 hours (713.4) 2 hours (8.6.5(1)) 
Stairways 
(no less than assembly penetrated) 
2 hours (1009.3.1.2) 2 hours (7.1.3.2.1) 
Atrium Separation 
(closely spaced sprinklered glass can 
replace 1-hour fire barrier) 
1 hour (404.6) 1 hour (8.6.7) 
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The DAB has a fire separation distance larger than 30 feet; therefore, none of the 
exterior walls require a fire resistance rating per IBC Table 602. Openings in exterior 
walls are not required to be protected per IBC Table 705.8.  
The following rooms require a 1-hour fire resistance rating:  
 Electrical rooms utilizing dry-type transformers larger than 112.5 KVA (NFPA 70 
§ 450.21(b)) 
 Fire pump room (NFPA 20 § 4.12.1.2.2) 
 Fire Command Center (IBC § 911.1.2) 
Opening Protective Requirements 
 
Opening protective requirements are in accordance with Table 2:  
Table 2. Door Rating Requirements 
Door Rating Requirement IBC LSC 
2-hour fire barrier 1 ½ hour (Table 716.5) 1 ½ hour (Table 8.3.4.2) 
2-hour shaft 1 ½ hour (Table 716.5) 1 ½ hour (Table 8.3.4.2) 
1-hour shaft 1 hour (Table 716.5) 1 hour (Table 8.3.4.2) 
1-hour fire barrier ¾ hour (Table 716.5) ¾ hour (Table 8.3.4.2) 
 
In lieu of fire barriers for the atrium separation, closely spaced sprinklered glass is 
utilized. Doors in these glass barriers must be automatic closing and must be installed 
in gasketed frames in a manner that the framing system does not obstruct the sprinkler 
protection (IBC § 404.6 and LSC § 8.6.7).  
Glazing requirements in barriers are in accordance with Table 3: 
Table 3. Glazing Rating Requirements 
Glazing Rating Requirement IBC LSC 
Rating in 2-hour fire barrier 
Not allowed 
(Table 716.6) 
Not Allowed (Table 
8.3.4.2) 
Rating in 1-hour fire barrier  
¾ hour (Table 
716.6.) 
¾ hour (Table 
8.3.4.2) 
Maximum area of window in fire barrier N/A 
25% of fire barrier (§ 
8.3.3.11) 
Maximum area of glazing in fire windows 
(area limited to testing size) 
1,296 sq. in. 
(Table 716.5) 
1,296 sq. in. (NFPA 
80:13-2.2) 
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The maximum size of glazing (unless tested as part of door assembly) in vertical exits 
and fire barriers is limited to 100 sq. in. (IBC Table 716.5 and NFPA 80 § 1-7.4). The 




Fire dampers are required in this building and must be provided in accordance with the 
following requirements: 
 Fire dampers are required in penetrations of 2-hour fire barriers (NFPA 90A § 
5.3.1.1).  
 Fire dampers are not required in 1-hour fire barriers when fully sprinklered and 
fully ducted (IBC §  717.5.2 Exception 3).  
 Fire dampers are required at all air transfer openings through fire barriers (NFPA 
90A § 5.3.1.1). 
 Fire dampers are required at penetrations through shaft enclosures (NFPA 90A § 
5.3.4.6).  
 Fire dampers are required to be rated for 1 ½ hours  (NFPA 90A: 5.4.1.1). 
 Fire dampers must comply with UL 555 (NFPA 90A: 5.4.1.1). 
 Fire dampers must close upon the activation of a fusible link or other approved 
heat activated device (NFPA 90A: 5.4.5.1.1). Fusible links must have a 
temperature rating of 50°F above normal temperatures but no less than 160°F 
(NFPA 90A: 5.4.5.2.1 & 5.4.5.2.2). 
 Smoke dampers are not required in this building. 
Interior Finish  
 
Regulation of interior finishes limits the spread of fire and smoke throughout the facility. 
Interior finishes must adhere to the following requirements:  
Interior Wall and Ceiling Finishes 
 
Interior wall finishes, ceiling finishes, and exposed insulation for this facility must comply 
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Table 4. Interior Finish Requirements 
Location of Finish Maximum Flame Spread Maximum Smoke Spread 
Exit Enclosures 75 (Class B) 450 
Exit Access Corridors 200 (Class C) 450 
Rooms and Enclosed Spaces 200 (Class C) 450 
Textile Wall Coverings 25 (Class A) 450 
Exposed Insulation 25 (Class A) 450 
 
Since the DAB is fully sprinklered, Class C interior finishes are allowed where Class B 
interior finishes are required and Class B interior finishes are allowed where Class A 
interior finishes are required (these exceptions are reflected in Table 4). The maximum 
smoke spread index for all finishes is 450 in accordance with Table 4.  
Wherever the use of Class C interior wall and ceiling finish is required, Class A or Class 
B shall be permitted. Where Class B is required, Class A shall be permitted (NFPA 101 
§ 10.2.3.6). Interior finish ratings are determined by testing methods in accordance with 
ASTME E 84 Standard Test Method for Surface Burning Characteristics of Building 
Materials or UL 723 Standard for Test for Surface Burning Characteristics of Building 
Materials.  
Interior Floor Finishes 
 
Since the DAB is fully sprinklered, Class II interior floor finishes are allowed where 
Class I interior finishes are required (NFPA 101 § 10.2.8.2). Class II interior floor 
finishes are characterized by a critical radiant flux not less than .22 W/cm2 but less than 
.45 W/cm2, as determined by testing in accordance with NFPA 253 Standard Method of 
Test for Critical Radiant Flux of Floor Covering Systems Using a Radiant Radiant Heat 
Energy Source or ASTM E 648 Standard Test Method for Critical Radiant Flux of Floor 
Covering Systems Using a Radiant Heat Energy Source.  The DAB requires a minimum 
Class II interior floor finish.  
Means of Egress Requirements 
 
Means of egress requirements for this building must comply with the LSC. Aspects of 
the IBC are used for defining occupant load factors, where the use of the space was 
defined clearly in the IBC and not by the LSC (e.g. Kitchen).  
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Travel Distances & Number of Exits 
 
Means of egress travel distance requirements can be found below in Table 5. Means of 
egress requirements must adhere to the most restrictive occupancy that utilizes that 
portion of the means of egress (NFPA 101 § 6.1.14.3.2). Throughout Levels 1 & 5 this is 
assembly components. Levels 1.5, 2, 3 & 4 adhere to Business requirements. 








250 ft. 300 ft. 
Common Path of Travel  
20 ft. (50 or more 
occupants) 
75 ft. (49 or less 
occupants) 
100 ft. 
Dead End 20 ft.  50 ft. 
 
Areas with an occupant load of 50 or more require a minimum of two means of egress 
from the space. Where two means of egress are required, they must be separated by a 
minimum one-third the length of the maximum overall diagonal dimension of the building 
or area (LSC § 7.5.1.3.3).  
Exit access is permitted to be through adjoining or intervening rooms, or areas provided 
that such rooms or areas are accessory to the areas served and not of a higher hazard 
classification (LSC § 7.5.1.6). Examples of this are reception areas found on Level 5 or 
mechanical rooms in series on Level 1.5. However, once the occupant enters the 
corridor system, they are not allowed to egress through an intervening room, other than 
lobbies (LSC § 7.5.1.2).  
Level 1.5 consists of two portions (east and west) with one means of egress for each 
portion of Level 1.5 (see Appendix A for occupancy load diagrams). The west portion of 
Level 1.5 is used primarily for storage. The storage is classified as ordinary hazard in 
accordance with NFPA 101 § 6.2.  Ordinary hazard occupancies are permitted to be 
provided with a single means of egress from any story or portion, provided that the exit 
can be reached within the distance permitted as the common path of travel (100 ft. for 
protected LSC Table 42.2.5) per NFPA 101 § 42.2.4.1(2). The maximum travel distance 
to the exit is less than 100 ft.  Therefore, the west portion of Level 1.5 is compliant with 
a single means of egress.  
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The east portion of Level 1.5 has two offices, mechanical and storage spaces. A door to 
the exterior and a door to Stair 1 are available from the east portion of Level 1.5, but 
only separated by 10 ft.  Although, both the stair door and the door to the exterior can 
be considered exits, they do not have the separation from the space in order to be 
considered two distinct means of egress (see Appendix A for clarification).  The 
common path of travel for both business and ordinary hazard occupancies is 100 ft. 
(LSC § 42.2.5 & § 38.2.4.3). The travel distance to the stair door is 99 feet. Therefore, 
both portions of Level 1.5 meet the requirements for a single means of egress.   
During this stage of the design, both stairs discharged to the interior of the building in 
the atrium lobby. LSC § 7.7.2 states no more than 50 percent of the exits may discharge 
interior of the building. This was revised in later stages of design but was not considered 
as a portion of this analysis.  
Occupant Loading & Exit Capacity 
 
The following occupant load factors found below in Table 6 are used throughout the 
DAB based upon use: 
Table 6. Occupant Load Factors vs. Use 
Use Occupant Loading Factor (OLF) 
Assembly (Fixed Seating) Fixed 
Assembly (Less Concentrated) 15 sq.ft./occupant net 
Business 100 sq.ft./occupant gross 
Kitchen 200 sq.ft./occupant gross** 
Storage/Mechanical 300 sq.ft./occupant gross** 
Locker Rooms 50 sq.ft./occupant net* 
Laboratories  50 sq.ft./occupant net* 
*OLF per LSC Table 7.3.1.2; **OLF per IBC Table 1004.1.2.  
Where portions of the floor have both gross and net occupant loads, the net occupant 
load is taken first; then the remaining area bounded by the exterior walls is used to 
calculate the gross occupant load. Circulation space is considered a portion of the 
business occupancy (LSC § 7.3.1.2). The occupant load factor for storage and 
mechanical spaces from the IBC (300 sq.ft./occupant) was used, as it is more restrictive 
than the LSC (500 sq.ft./occupant). The occupant load of each room was rounded up to 
the nearest occupant for conservatism. Therefore, the number of total occupants, per 
use, per floor will exceed the square footage of the use divided by the occupant load 
factor. A diagram of the occupant loading and maximum travel distances for all floors 
can be found in Appendix A. 
The total capacity of the means of egress for any story, balcony, tier or other occupied 
space must be sufficient for the occupant load thereof (LSC § 7.3.1.1.1). Where more 
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than one means of egress is required, the means of egress must be of such width and 
capacity that the loss of any one means of egress leaves available not less than 50 
percent of the required capacity (LSC § 7.3.1.1.2). The horizontal capacity factor is 0.2 
inches/occupant and the vertical capacity factor is 0.3 inches/occupant (LSC Table 
7.3.3.1). The capacity factor is used for the effective width of a door or stair (excluding 
frames or handrails). Occupants are assumed to divide evenly among all exits on a 
singular floor. Exit Capacity and occupant loads per floor calculations can be found in 
Appendix B.  
Door Size Requirements 
 
Doors that are a portion of the required means of egress must comply with the following 
requirements: 
 Minimum clear width of door must be larger than exit capacity, but a minimum 32 
in. clear (LSC § 7.2.1.2.3.2). The minimum clear width of doors provided 
throughout the DAB is 34 in.  
 Minimum height of door must be larger than 6 ft. 8 in. (LSC § 7.1.5).  
 Doors must swing in the direction of means of egress when serving an occupant 
load greater than 50 or when serving a hazardous area (LSC § 7.2.1.4.2/3).  
 Exit doors must be operable from the inside without use of a key locking device 
(LSC § 7.2.1.5.4).  
 Vertical or horizontal sliding doors are not found within this facility.  
Corridor Size Requirements 
 
Corridors that are a portion of the required means of egress must comply with the 
following requirements: 
 Minimum width must be larger than required exit capacity, but a minimum 44 in. 
clear (LSC § 28.2.3.3).  
 Doors, when fully open, and handrails must not reduce the required corridor 
width by more than 7 in. (LSC § 7.2.1.4.3.1).  
 Doors, in the course of swing, must not reduce the required egress width by 
more than one-half (LSC § 7.2.1.4.3.1).  
 Minimum clear height of corridor must be larger than 7 ft. 6 in. (LSC § 7.1.5.1).  
Stairway Size Requirements 
 
Stairway construction must comply with the following requirements: 
 Risers must be a minimum 4 in and a maximum 7 in. (LSC Table 7.2.2.2.1.1(a)). 
The stairs throughout the DAB are “7/11” stairs.  
 Treads must be a minimum 11 in. (LSC Table 7.2.2.2.1.1(a)).  
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 Landings must be no less than the width of the stair, but not exceed 48 in. in the 
direction of travel when the stair has a straight run (LSC 7.2.2.3.2.4).  
 Vertical distance between landings must not exceed 12 ft. (LSC Table 
7.2.2.2.1.1(b)).  
 Headroom within a stair must not be less than 6 ft. 8 in. (LSC Table 
7.2.2.2.1.1(b)).  
 Identification signs must be located at each floor level in all enclosed stairways. 
The signs must identify the stairway access, the floor level, and the upper and 
lower terminus of the stairway (LSC § 7.2.2.5.4.1). 
 
Handrails must comply with the following requirements: 
 
 The circular diameter of handrails must adhere to a minimum 1 ¼ in. and a 
maximum 2 in. (LSC § 7.2.2.4.4.6(1)).  
 The height of handrails must be between 34 in. and 38 in. (LSC § 7.2.2.4.4.1).  
 The clear space between the handrail and the wall must be a minimum 2 ½ in. 
(LSC § 7.2.2.4.4.5). The intent behind this code requirement is such that there is 
enough room between the handrail and wall to fit the thickness of a fire fighter’s 
glove.  
 Intermediate handrails are not required for this building.  
Guardrails must comply with the following requirements: 
 The minimum height of guardrail must be 42 in. (LSC § 7.2.2.4.5.2).  
 Open guardrails must have an intermediate rails or an ornamental pattern such 
that a sphere 4 in. in diameter cannot pass through any point  up to 34 in. in 
height, and a sphere of 8 in. in diameter cannot pass through at any point 34-42 
in. in height (LSC § 7.2.2.4.5.3). The intent behind this code requirement is to 
resist the passage of an infant head under 34 in. and to resist the passage of a 
toddler’s head from 34-42 in. 
Means of Egress Illumination & Exit Signage 
 
Means of egress must be illuminated at the walking surface level at a minimum 1 foot-
candle (LSC § 7.8.1.3(2)). A separate emergency power source is required for means of 
egress illumination and is provided for in accordance with the Emergency Power 
Section of this report below. The minimum duration of the emergency power for means 
of egress illumination is 90 min. (LSC § 7.9.2). Minimum illumination drops over this 
time period are not applicable as the emergency power is a constant source.  
Exit signage is required at every exit, where exit access is not readily apparent, and 
such that no point is more than 100 ft. from the nearest visible sign (LSC § 7.10.1.2.1 & 
7.10.1.5.2). Exit signs within the DAB are connected to the emergency power source for 
the facility. Exit signs must be internally illuminated by no less than 5 foot-candles with 
electric lamps (LSC § 7.10.6.3).   
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Emergency Power is required for fire pump and smoke control system (UT Design). 
Emergency power is unique for this facility. The DAB is powered from two separate 
reliable power grids in lieu of an emergency power supply system located on site. The 
first grid is supplied from campus central utility plant. The second grid is supplied from 
public grid. Each grid is independently connected to the DAB. Automatic transfer 
switches within the switchgear, located on site, transfer power between the two grids in 
the event of power failure.  Batteries are provided for means of egress illumination and 
the fire alarm system.  
Fire Protection Systems 
 
Site Fire Protection 
 
The Medical School Campus is provided with site fire protection in accordance with 
Appendix C. A snapshot of the site fire protection plan can be found in Figure 3: 
 
Figure 3. Site Fire Protection Plan. 
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The minimum fire flow required for this building is 1,500 gpm for a flow duration of 2 
hours (IFC § B104.3 & B105.2 Exception). This requires one hydrant for fire protection 
along the fire apparatus access roadway (IFC Table C105.1). Fire apparatus access 
roadways are provided on the plan east and northern face of the DAB in accordance 
with IFC § D105.1.  
The fire department connection (FDC) for the DAB is shown further than 100 ft. from the 
nearest hydrant. FDCs must be located no further than 100 ft. from hydrants (NFPA 14 
§ 6.4.5.4). Either an additional hydrant will have to be provided at the street, the FDC 
will have to be relocated within the DAB, or special AHJ approval must be granted to 
comply with NFPA 14 § 6.4.5.4.1. 
The fire department connection is located on East 15th Street and is readily visible. The 
fire department connection is installed on the system side of the check valve and fire 
pump (See Appendix D for clarification). Hose lay measurements for Fire Marshal 
approval can also be found in Figure 3.  
Automatic Fire Sprinkler System 
 
An automatic fire sprinkler and standpipe system is required for this building (LSC § 
8.6.7(4)). A Class I Combination Standpipe System must be provided at floor landings 
(UT Design & IBC § 905.3.1). This requires 2 ½ in. hose outlets at the floor landings. 
The DAB contains two stairs and must be provided with a standpipe in each stairwell 
(NFPA 14 § 7.3.2). Only one of the stairwells supplies the sprinkler systems within the 
building. 
The atrium is a separate sprinkler zone from remainder of the DAB for smoke control 
system activation. Zone separation is performed with a separate connection to the riser 
and separate waterflow switch in accordance with Appendix D.  Atrium glass separation 
is required to be sprinklered with closely spaced sprinklers (NFPA 13 §8.15.4). 
Sprinklers must be within 4-12 inches off glass at intervals no greater than 6 ft. on the 
walking side.  
The sprinkler system was designed in accordance with the following criteria found below 
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1,500 sq.ft. 100 gpm 30 min. 
Electrical Ordinary .15 
gpm/sq.ft. 
1,500 sq.ft.  250 gpm 60 min. 
Mechanical Ordinary .15 
gpm/sq.ft. 
1,500 sq.ft.  250 gpm 60 min. 
Storage Ordinary .15 
gpm/sq.ft. 
1,500 sq.ft.  250 gpm 60 min, 
Anatomy 
Laboratories 
Ordinary  .15 
gpm/sq.ft.  
1,500 sq.ft.  250 gpm 60 min. 
Table 7. Sprinkler System Design Criteria 
 
Since the DAB is equipped with waterflow and supervisory switches, the minimum value 
of water supply duration from NFPA 13 Table 11.2.3.1.2 may be utilized. This is 
reflected in the values found in Table 7.  
The sprinkler system must utilize quick response sprinklers (UT Design). As a result, the 
minimum design areas are allowed to receive a reduction in size in accordance with 
ceiling height and NFPA 13 Figure 11.2.3.2.1 shown in Figure 4. 
This will allow for areas with ceiling heights less than 10 ft. to receive a maximum 40 
percent reduction in design area 
(900 sq.ft.). For areas with 
ceiling heights up to 20 ft., a 
maximum of 25 percent 
reduction in design area may be 
taken (1125 sq.ft.).  
The maximum spacing between 
sprinklers is 15 ft. (NFPA Table 
8.6.2.2.1(a)). The maximum 
protection area is 225 sq.ft. for 
light hazard and 130 sq.ft. for 
ordinary hazard (NFPA Table 
8.6.2.2.1(a/b)). The minimum 
spacing between sprinklers is 6 
ft. (NFPA 13 §8.6.3.4).  
Figure 4. Quick Response Sprinkler Reduction (NFPA 13) 
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The maximum distance between a sprinkler and a wall is 7.5 ft. (NFPA 13 § 8.6.3.2). 
Sprinklers must have a minimum 18 in. clearance from storage (NFPA 13 § 8.5.6).  
An approximation of sprinkler system demand was performed in order to see if the 
standpipe demand would govern the required water supply or the sprinkler system. 
The maximum ceiling roof height on the 5th floor is 12 feet. For an ordinary hazard 
occupancy located on the 5th floor, this requires a minimum density of 0.15 gpm/sq.ft. 
over a design area of 945 sq.ft. An estimation of the required flow for sprinkler 
protection is 141.75 gpm. After the hose stream is added (at the base of the riser), the 
maximum required flow for the sprinkler system was estimated at 391.75 gpm. The 
minimum operating pressure for a 5.6-K factor sprinkler is 7 psi per NFPA 13 Section 
8.3.4.1. Even with the pressure losses associated with pipe fittings and elevation 
change; the sprinkler system demand will be less than the 750 gpm at 100 psi at the top 
of the riser (standpipe demand). As a result, the water demand for the DAB is 
determined by the standpipe demand and not the sprinkler system demand.  
Water Supply, Standpipe System and Fire Pump 
 
The water supply for the DAB was estimated at 1,247 gpm at 81.9 psi residual and 84.6 
psi static. Standpipe calculations require 750 gpm at 100 psi at the top of the riser (500 
gpm at the most remote riser and 250 gpm for the additional riser per NFPA 14 Section 
7.10.1.1.1).  Backflow prevention is accomplished with a double check valve backflow 
assembly in a vault exterior to the DAB (See Sprinkler System One-Line Diagram found 
in Appendix D). The water supply required at the base of the riser to meet this demand 
is 784 gpm at 164.6 psi in order to account for pressure losses (See Appendix E for 
standpipe calculations utilizing HASS). As a result, a 750 gpm 100 psi boost fire pump, 
Aurora Model 4-481-11C, is provided in order to meet the demand (See Appendix F for 
Fire Pump Selection).  A Pressure Reducing Valve (PRV) is used at the pump outlet to 
regulate pressures less than 175 psi in order to avoid the use of high-pressure fittings.  
Portable Fire Extinguishers 
 
Portable fire extinguishers must be provided for the facility in accordance with NFPA 10.   
The DAB contains multiple hazards: Class A fires are found throughout the majority of 
the DAB (woods, cloth, paper and plastics). Class K fires (vegetable animal oil or fats) 
can be found in the kitchen. Class C fires (electrical equipment) can be found in 
electrical spaces. Extinguisher size, placement, and location throughout the majority of 
the DAB (Class A - Light Hazard) must be provided for in accordance with Figure 5 
below. 
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Figure 5. Class A Fire Extinguisher Placement (NFPA 10) 
The Kitchen, Mechanical and Electrical spaces must be placed and sized for an 
Ordinary (Moderate) Hazard Occupancy. Class C extinguisher placement and sizing is 
in accordance with Class A and B fires per NFPA 10 Section 6.4.3. Class K fire 
extinguishers must be placed within a maximum travel distance of 30 ft.  
Fire extinguishers in public spaces are mounted within cabinets. Fire extinguishers in 
areas such as mechanical and electrical spaces are mounted 3 ft. above the floor level 
in accordance with NFPA 10.  
Fire Detection, Alarm and Mass Notification 
 
A fire alarm system must be provided in accordance with the following requirements: 
 A manual fire alarm system and automatic fire detection is required in 
accordance with NFPA 72 (IBC §907.2.6).  
 Manual pull stations provided within 5 ft. of exits (UT Design).  
 Emergency Communication System (ECS) required and provided at Fire Alarm 
Control Panel (FACP) (UT Design).  
 Fire Department Radios to be used in lieu of Fire Fighter Phone Jacks (UT 
Design). 
 Waterflow and tamper switches must be provided for each sprinkler system zone 
(NFPA 13). 
 Waterflow switches for the atrium zone must activate the smoke control system 
(NFPA 92). 
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 General Alarm Panel provided at building main entrance (UT Design). This panel 
is for use by the fire department and Owner requirement.  
 Heat detection must be provided in Elevator Machine Room within 24” of each 
sprinkler (NFPA 72 § 21.4.2). 
 Smoke detection must be installed in the following locations (IBC 907.2.18.1): 
o Main supply duct with fans greater than 2,000 CFM, return air plenum, and 
ducts serving two or more stories.  
o Mechanical and Electrical Rooms & Atrium (IBC 907.2.14). Smoke 
detection is only provided on Level 5 of atrium.  Spaced 30 ft. on smooth 
ceilings (NFPA 72 § 17.7.3.2.3.1). 
o Elevator Lobbies for elevator recall and shutdown.  
 
The system must initiate the following system outputs when any area or duct detector, 
manual station, or water flow switch operates in accordance with the fire alarm 
functional matrix: 
 1. Report to FACP, as a supervisory condition. 
 2. Activate AHU shutdown. 
 3. Automatically notify the University of Texas Police Department, via   
  campus-wide proprietary supervisory signaling system. 
 4. Display individual detector and/or zone number on alphanumeric display  
  with optional user-defined message. 
 5. Light an indicating lamp on the device initiating the alarm. 
 6. Shut down the associated HVAC system and operate dampers per   
  drawing. 
 7. Activate the elevator recall. 
 8. Release all magnetic fire door holders. 
 9. Atrium smoke control system. 
The University of Texas Police Department acts as the constantly attended central 
control station.  
The fire alarm riser diagram, conceptual fire alarm system design, sequence of 
operations, and mounting heights for initiation and notification devices can be found 
within Appendix G.  
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The following are fire alarm notification device requirements:  
 Visual notification appliances must be located within 15 ft. of the end of a corridor 
with a separation not greater than 100 ft. between appliances (NFPA 72 
§18.5.4.4.5) 
 Visual notification appliances are required in all areas considered public and 
common areas (multiple occupants) (IFC § 907.5.2.3).   
 Spacing of visual notification appliances within rooms must be in accordance with 
NFPA 72 § 18.5.4.3 based upon candela rating and room size.  
 Audible notification must be provided throughout the building in accordance with 
UT Design intelligibility and audibility requirements. The following sound levels 
are required for design purposes for this project: 
 
 1. Business occupancies - 55 dB  
 2. Educational occupancies - 45 dB  
 3. Industrial occupancies - 80 dB  
 6. Mechanical rooms - 85 dB  
 8. Places of assembly - 55 dB  
 10. Storage occupancies - 30 dB  
Other unique aspects of this fire alarm system design are as follows:  
 The atrium sprinkler system utilizes separate waterflow and tamper switches. 
The waterflow switches for the atrium activate the atrium smoke control system in 
the event of sprinkler operation within the atrium. 
 
 Speakers are located within the stairwell on Level 1.5, Level 3 and Level 5 and 
elevator shafts on Level 1 for intelligibility of the ECS (UT Design & IFC § 
907.5.2.2).  
 
 Amplifier racks for the fire alarm notification appliances are located on Level 1, 
Level 3, and penthouse.  
 
 One notification appliance circuit is required for each floor.  
 
 Signaling line circuits are level of Class A survivability. Initiating device and 
notification device circuits are level of Class B survivability as defined by NFPA 
72 (UT Design).  
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Performance Based Design 
 
The proposed atrium space spans five levels of the facility with an interior height of 
approximately 111 feet.  The atrium is separated from adjacent areas by solid walls, 
closely spaced sprinklered glass, and cross-corridor doors. The footprint of the atrium 
can be clearly identified on the sprinkler conceptual design drawings found in Appendix 
D. The height of the atrium and the irregular configuration of the space compel the use 
of fire modeling to conduct a detailed smoke movement and smoke control study.  The 
objective of the performance based design is to develop appropriate smoke control 
system design criteria in accordance with the 2012 NFPA 101: Life Safety Code (LSC) 
and the 2012 Edition of NFPA 92, Standard for Smoke Control Systems, which is 
referenced by the LSC for smoke control system design and analysis.  Specifically, the 
LSC and NFPA 92 require that the lowest surface of the accumulating smoke layer be 
maintained 6-feet above the means of egress walking surfaces for 20 min. or 1.5 times 
the calculated egress time, whichever is less.  It is the intent of this performance based 
design to comply with the 2012 LSC requirement to maintain tenability at the 6-foot 
height above walking surfaces, which for this building, includes spaces on all five levels.  
For the purposes of this analysis, the accumulating smoke layer stated in the 2012 LSC 
is defined to be the point where tenability is maintained, based on the tenability criteria 
outlined later in this analysis.   
The performance based design has been conducted in four parts:  
The first portion is to perform hand-calculated egress analysis in order to satisfy the 
design constraint for the length of time tenability must be maintained (1.5 times the 
calculated egress time). 
The second portion is to establish tenability criteria for the fire design scenarios and 
FDS model. Tenability criteria must be maintained 6 ft. above all working surfaces 
outside the area of the plume.  
The third portion includes the development of severe-case realistic fire scenarios based 
upon the planned use and combustible contents of the open atrium space.  The design 
fire scenarios characterize and encompass a number of potential fire growth and peak 
fire size scenarios based upon available information for the likely furnishings and 
materials that may be in the atrium for normal and special uses, as well as the impact of 
designed fire protection features, including automatic sprinklers.   
The fourth portion utilizes the FDS model to review smoke development and smoke 
movement within the atrium space, based upon the developed fire scenarios. 
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Egress modeling was performed in accordance with hand calculations provided in the 
4th Edition of the SFPE Handbook. The available safe egress time (ASET) must be 
larger than the required safe egress time (RSET) in order to provide enough time for 
occupants to egress the DAB. Tenable conditions must be provided for 1.5 times 
calculated egress time or 20 min., whichever is greater (LSC §8.6.7).  
 
• tRSET =  required safe egress time 
• Δtdet = detection time  
• Δta = alarm time  
• Δtpre = premovement time 
• Δttrav = travel time 
(Δtdet): A sprinkler response calculation based upon the power law equations (DETACT 
analysis) is contained within the 4th Edition of the SFPE Handbook. This is a 
conservative assumption, as smoke detectors or occupants pulling a manual pull station 
could occur prior to sprinkler activation. The correlation calculates the time of sprinkler 
activation based on the selected fire growth rate (fast), basic configuration of the space, 
and the specific assumed sprinkler installation characteristics.  Parameters utilized in 
the calculation include ceiling height, initial room temperature, sprinkler spacing, and 
other sprinkler performance characteristics.  The ceiling height adjacent to the atrium 
floor opening on the Lower Ground Level was assumed to be approximately 24.6 feet.  
The ambient room temperature was assumed to be 70oF.  A maximum sprinkler spacing 
of 15 feet and a sprinkler temperature rating of 160oF with a response time index (RTI) 
of 50 (m-s)1/2 are also assumed.  This RTI is typical of a quick response sprinkler. The 
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Table 8. DETACT Analysis  
BUILDING AND DETECTOR CHARACTERISTICS 
Ceiling height (H) 7.5 m 
Radial distance (R) 2.3 m 
Ambient temperature (To) 21 C 
Actuation temperature (Td) 72 C 
Response time index (RTI) 50 (m-s)1/2 
Maximum simulation time 500 s 
Actuation time 198 s 
 
A more detailed copy of the DETACT analysis can be found in Appendix H. The 
detection time is assumed to be the time for sprinkler activation, 198 seconds. 
(Δta): According to the NFPA 72, activation of initiating devices is required to occur 
within 90 seconds of a water flow (NFPA72 §5.11.2). NFPA 72 prescribes that the delay 
to occupant notification from the time of initiating signal is to be 10 seconds (NFPA72 
§6.8.1.1).  A value of 100 seconds (1.67 min.) was used in this analysis as the delay 
from detection to occupant notification. 
(Δtpre): Premovement time was estimated to be 60 seconds (1 min.) for familiar, awake, 
office buildings with voice communication in accordance with SFPE Handbook 4th 
Edition Table 3-12.2.  
Therefore, Total time before occupant movement is 358 seconds (5.97 min.). 
Travel time (Δttrav) is calculated utilizing 4
th Edition of the SFPE Handbook Hand 
Calculations. The following assumptions are made:  
 Open stair within Atrium not utilized as portion of means of egress. 
 All occupant walking speed to exit assumed to be 155 ft./min. (with locomotion 
disability SFPE Handbook 4th Edition Table 3-12.4).  
 All occupant walking speed down stair assumed to be 212 ft./min. (disabled 
occupants use stair as an area of refuge). 
 Occupants begin movement at the same time. 
 Stairs are filled simultaneously. 
 Penthouse is assumed occupied for egress analysis. 
The maximum travel times to reach an exit are found in Table 9. Since both stairs 
discharge to the interior during this stage of the design, the exit discharge time from 
both stairs through the first floor within the atrium was calculated.  
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Table 9. Calculated Travel Times on Floors at 155 ft./min.  
Level Exit No. Maximum Travel 
Distance (ft.) Travel Time (min.) 
1 
1 119 0.77 
2 177 1.14 
3 63 0.41 
4 118 0.76 
1.5 
Door 112 0.72 
Stair No. 1 64 0.41 
2 
Stair No. 1 191 1.23 
Stair No. 2 144 0.93 
3 
Stair No. 1 205 1.32 
Stair No. 2 160 1.03 
4 
Stair No. 1 134 0.86 
Stair No. 2 124 0.80 
5 
Stair No. 1 150 0.97 
Stair No. 2 150 0.97 
PH 
Stair No. 1 100 0.65 
Stair No. 2 100 0.65 
Stair 1-Exit 
No.4 4 36 0.23 
Stair 2- Exit 
No. 1 1 78 .50 
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The passage time through egress components is calculated in accordance with the 
following equations found in the 4th Edition of the SFPE Handbook. If the observed flow 
(Fs) is less than the maximum flow (Fsm), then it is used in the time passage (tp) 
calculation.  Otherwise, the maximum flow is used in the time passage calculation. 
Fs = (1-αD)kD   tp = P/ (FsWe) 
 tp = time for passage in min. 
 α = 2.86 for speed in ft./min. 
 D = density in people per sq.ft. (0.3 max before crushing of occupants occurs) 
 k = 275 for doorways and corridors; 212 for stairways with 7 in. risers and 11 in. 
treads 
 We = effective width in feet (minus 12 in. for boundary layer) 
 Fsm = maximum value for corridors and doorways is 24 occ./min/ft; maximum 
value for 7/11 stairways is 18.5 occ./min/ft 
The total egress passage times through horizontal egress components on Level 1 and 
Level 1.5 are found below in Table 10:  
Table 10. Total Egress Passage Times for Level 1 
Floor  Exit No.  Occupants 
t
p















1 88 1.20 1.20 1.20 
2 86 0.27 0.77 0.77 
3 86 0.46 1.96 1.96 
4 87 1.20 1.20 1.20 
1.5 Door 21 0.29 0.29 .29 
 
A more detailed expansion of the egress analysis can be found in Appendix I. Queuing 
occurs at three locations due to door size found in Figure 6. Queuing occurs on Level 1 
at the single discharge door in the southwest corner of the cafeteria. This can be 
observed as the exit doorway time exceeds the exit access corridor time for Table 10 at 
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Exit No. 2. Queuing also occurs at the exit discharge door of both stairs on Level 1. This 
is due to the fact more occupants are allowed to enter the stair at multiple levels than 
occupants are allowed to discharge the stair through the 34 in. wide doors on Level 1.  
 
Figure 6. Queuing Locations for Egress 
The total time to egress the upper floors is in accordance 4th Edition of the SFPE 
Handbook and found in the Table 11 below. The 34 in. stair discharge doors govern 
time passage through stair at a maximum flow of 24/person/min/ft or 44 persons/min.  
Table 11. Stair Egress Time 
Stairway Occupant Load Time to Discharge (min.) 
Stair No. 1. 438 9.95 
Stair No. 2 430 9.77 
 
Therefore, the total egress time can be found below in Table 12. It is assumed that the 
floor with the largest travel time receives last priority into the stair and out of the 
discharge door (Level 3). The 1.5 times the calculated egress (LSC § 8.6.7) time only 
applied to the calculated travel time and not the premovement time.  
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3.3 1.67 1 
1.5*(.77+1.20)=2.35 8.32 
2 1.5*(1.14+.77)=2.48 8.45 
3 1.5*(.41+1.96)=3.56 9.53 
4 1.5*(1.20+.76)=2.56 8.53 
1.5 Door 1.5*(.72+.29)=1.37 7.34 
1.5-PH 
*S1 1.5*(1.32+9.95+.23)=16.25 23.22 
*S2 1.5*(1.03+9.97+/5)=16.68 23.22 
 
The maximum egress time tenability that must be maintained is 23.22 min. (1393 
seconds).  
Tenability Criteria 
In order to evaluate and compare the results of the FDS model simulations, specific 
tenability performance criteria have been developed.  The tenability criteria have been 
developed to show that conservative threshold levels of harmful fire by-products are not 
exceeded within the occupied or egress areas of the atrium space during the minimum 
prescribed time period.  The tenability limits described below are based on the values or 
calculation methods found in various reference documents: 
Visibility 
Reduced visibility can trap occupants within a building because they are unable to find 
their way to an exit.  DeHaan states in his book that the critical limit for visibility rests at 
10 meters.  Purser references Academic from Rabash and Babrasand that suggest a 10 
meter or 33 foot visibility limit for large enclosures. An article by Hadjisophocleous, et al, 
summarizes the tenability criteria adopted by New Zealand, which requires that the 
visibility in the smoke layer should not fall below 6.5 feet.   
Based on the references above, a visibility threshold of 33 feet to a code compliant 
illuminated exit signs have been used as the visibility criterion for this analysis.  The 
modeling is evaluated to determine if occupants would potentially be exposed to 
conditions that could create visibilities below 33 feet during the required 23.22 min. 
Temperature 
The second performance criterion is related to exposure temperature.  Due to the large 
space, it is unlikely that occupants will be exposed to untenable temperature conditions 
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prior to the conditions reaching the visibility criteria specified above.  However, Purser 
further recommends a value of 60°C (140°F) as an upper temperature exposure limit 
where air is saturated with water vapor.  This lower value is used in this analysis to 
provide an extra factor of safety.  The model is evaluated to determine if occupants not 
intimate with the fire would potentially be exposed to a temperature of 60°C (140°F) 
prior to exiting the atrium. 
Toxicity 
Toxicity levels in smoke are an important factor in maintaining the tenability conditions 
in a building fire.  Generally, the toxicity of gaseous elements is taken to be an 
accumulative dose level over a specified amount of time.  If a person is expected to be 
exposed to a toxin over a very long time, the acceptable exposure levels may be 
extremely low.  Conversely, the allowable exposure level to toxins may be higher if the 
exposure is to be for a very brief period of time. 
Exposure to CO is dangerous because it combines with hemoglobin in the blood to form 
carboxyhemoglobin (COHb), which results in toxic narcosis because it reduces the 
amount of oxygen supplied to the tissues of the body.  As occupants are exposed to CO 
in the air, the level of COHb in the blood increases, which will eventually lead to a loss 
of consciousness and eventually death.  Death is typically predicted at concentrations of 
COHb between 50% and 70%.  Loss of consciousness is typically predicted at COHb 
concentrations of about 40%, although loss of consciousness can occur at COHb 
concentrations as low as 30%.   
Cote and Bugbee indicate that a simple rule of thumb for CO exposures is that if the 
product of the CO concentration in parts per million (ppm) multiplied by the exposure 
time in min. exceeds about 35,000 ppm-min, then the exposure is likely to be 
hazardous. Despite that occupants can be exposed to this CO concentration for an 
extended period of time prior to losing consciousness, the toxicity tenability criteria is 
evaluated by determining the CO concentration at each time step.  Additionally, to 
maintain a further level of design conservatism, the utilized CO concentration tenability 
criteria has been reduced to 1, 000 ppm.  If the CO concentration at the prescribed 
measurement height exceeds 1,000 ppm at any time step, then the failure criteria will 
assume to have been exceeded.  This is a conservative approach because occupants 
would need to be exposed to this concentration for a significant period of time prior to it 
posing a hazard. 
Tenability Limits 
The preceding paragraphs outline the tenability criteria that will be used in the 
evaluation of the atrium smoke control system.  Table 13 summarizes this information: 
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 Table 13. Tenability Limits 
Tenability Criteria Metric Units English Units 
Visibility 10 meters 33 feet 
Temperature 60°C 140°F 
Toxicity (CO) 1000 ppm  1000 ppm 
 
These tenability criteria will be evaluated on each floor at a height of 6 feet above each 
of the walking surfaces within the atrium space for the full 23.22 min. simulation.  If the 
tenability criteria limits are exceeded at any sustained point within the simulation, the 
scenario will fail. 
Fire Design Scenarios 
 
For the purpose of developing input parameters for a fire model simulation, a design fire 
must be considered with an emphasis on establishing a Heat Release Rate (HRR) 
curve, as well as several other specific products of combustion parameters, including 
heat of combustion, smoke yield, and toxic species yields.  The design fire should 
represent a credible severe case fire scenario based upon the expected contents and 
combustibles for a given space.  The characterization of the HRR is a critical driving 
parameter for determining smoke production and smoke characteristics.  Within reason, 
the ignition source is of little interest in smoke production and generally has limited 
effect on the fire growth rate in deterministic modeling.   
The HRR curve has three distinct stages, namely the incipient stage, the growth stage, 
and the decay stage.  Together, these three stages describe the fire from ignition to 
extinction.  The time from ignition to the time that the fire begins to grow exponentially is 
known as the incipient stage.  This stage is characterized by a very slow growth rate 
and is often in the form of smoldering and small flaming.  Light smoke is produced but 
very little heat is released.  Although the incipient stage has little effect on the fire 
growth stage or the peak HRR, it can be of importance in fire safety because a long 
incipient stage (on the order of several hundred seconds) may help to ensure detection 
and evacuation before the fire gets to the point in which stable flaming occurs.  For this 
analysis, the incipient stage has been neglected because it is difficult to realistically 
simulate.  This is also a conservative assumption. 
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The growth stage is that part of the fire curve usually characterized by an increase in 
the HRR as a function of time.  A second power growth rate (t-squared) is typical for a 
design fire scenario.  The “t-squared” growth rate is widely applicable and can be further 
categorized by placing a time constant (alpha) in the equation so that the slope of the 
curve will represent fires which may be slow, medium, fast, or ultra-fast “t-squared” fires.  
NFPA 72 contains a comprehensive discussion of this methodology within its Annex B.   
For the DAB atrium, three final fire scenarios have been developed. The fuel load for all 
three fire scenarios is the same; however, the location within the atrium was varied. The 
first fire scenario is found on Level 1 and represents a cluster of three kiosks 
(conservatively assumed to be similar to represent graduate displays) within the 
footprint of the floor openings (axisymmetric plume scenario). The second fire scenario 
is found on Level 1 and represents a cluster of three kiosks below a balcony near the 
cafeteria with smoke spilling out into the main atrium space (balcony spill plume 
condition). Since natural makeup air was requested by the architect on Level 1, a third 
fire scenario was developed for Level 2 and represents a cluster of three kiosks below a 
balcony with smoke spilling out into the main atrium space (balcony spill plume 
condition). A review of typical materials and fire growth rates has been conducted for 
the selected fire scenarios and has been incorporated into the FDS model simulations 
as outlined below.   
Fuel Load & Asymmetrical Design Fire  
A review of the anticipated materials and fire growth rates has been conducted based 
upon the available information related to the use of the open atrium areas of the DAB 
atrium.  The atrium space will likely contain clusters of furniture (both upholstered and 
wooden). After a review of the fire growth, smoke production, and heat release rate 
properties of typical potential fuel packages, a fire involving three kiosks (conservatively 
assumed to be similar to graduate displays) with limited, if any, control/suppression from 
the sprinkler system has been chosen as a credible sever-case fire scenario. National 
Institute of Standards & Technology (NIST) has published relevant fire data for a typical 
kiosk based upon full scale fire testing conducted in 1995  (see Appendix J for more 





Fire Protection & Life Safety Analysis  June 12, 2014  





NIST Kiosk Fire 
 
Figure 7. NIST Kiosk Fire Data 
The test results indicate a peak heat release rate of approximately 1,750 kW, which 
occurred at approximately 1100 seconds into the test.  A conservative estimate of a 
“fast” growth (alpha = .0469kw/s2)  t2 fire has been utilized for the design fire, which 
results in growth to the peak heat release within approximately 194 seconds. A graph of 
a singular kiosk fire is shown below in Figure 8: 
Singular Kiosk Design Fire 
 
Figure 8. SIngular Kiosk Design Fire (t-squared) 
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Since three kiosks are assumed to burn simultaneously the maximum HRR was 
assumed to triple to 5,250 KW. Additionally, Ferreira states that design fires less than 
fast-growing 5,275KW fires are rarely applicable for use in atria with large floor areas. A 
graph of the design fire scenario can be found below in Figure 9:  
 
Figure 9. Three Kiosk Design Fire Design Fire Scenario 1 
The assumed burning material properties can have a significant influence on the fire 
modeling simulation results, specifically for the assessment of toxicity and visibility.  A 
kiosk, and similar combustibles including small seating groups, decorations, etc, will 
likely contain a variety of combustible materials including some wood, rubber, plastics, 
foams, and fabrics.  Therefore, a mixed fuel type has been used with conservative 
burning characteristics selected based upon the variety of potential fuels.  The 
information contained in the 4th Edition of the SFPE Handbook has been used to 
determine the appropriate burning characteristics for the design fires.  In a fire modeling 
analysis, a lower heat of combustion produces more mass output (smoke and products 
combustion), thus affecting the simulated toxicity and visibility.  Therefore, a heat of 
combustion of approximately 20,000 kJ/kg has been used.  For reference, woods 
typically have a heat of combustion on the order of 16,000 to 18,000 kJ/kg, rubber and 
plastic on the order of 18,000 to 25,000 kJ/kg, and foams on the order of 20,000 to 
40,000 kJ/kg.  Similarly, soot and toxicity yields also vary dependent upon the type of 
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burning material.  A soot yield of 0.05 g/g and a carbon monoxide (CO) yield of 0.05 g/g 
have been used for this analysis.  For reference, the same fuels noted above typically 
have soot yields in the range of 0.01 to 0.08 g/g and a CO yield in the range of 0.001 to 
0.05 g/g.   
Balcony Spill Design Fires  
 
Similar to above, the open balcony areas will likely contain limited combustible materials 
due to the fact that the primary purpose of the space is to provide circulation for the 
surrounding use areas.  Additionally, for fire scenarios located below a balcony, the 
automatic sprinkler system will have an impact on fire growth and fire size.  Therefore, 
the severe case design fire scenario for the balcony conditions has assumed a “fast” 
growth fire up to the point of sprinkler operation.  This is believed to be a conservative 
assumption since fire decay, and perhaps extinguishment, is likely to occur due to the 
sprinkler discharge within the relatively low ceiling unobstructed spaces. 
DETACT analysis (see Appendix H for clarification) indicates that the closest sprinkler 
would operate at a fire size of approximately 1,840 kW in approximately 198 seconds.  
Therefore, a “fast” growth fire to a peak steady-state HRR of 1,840 kW has been used 
in the analysis for the balcony spill plume conditions, shown in Figure 10:  
 
Figure 10. Balcony Spill Design Fire Scenarios 2 & 3 
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The assumed material burning characteristics are the same for all three scenarios. The 
only difference between Scenario 2 and Scenario 3 was the location of the fire from the 
Level 1 to Level 2. This was performed in order to observe the effects that naturally 
introduced makeup air had on fire behavior and smoke production in comparison to 
Level 2 where no makeup air openings are present.  
FDS Modeling 
 
FDS has been used to predict the temperature and smoke distribution, and to test 
varying smoke control system configurations, based upon the design fire scenarios 
described above.  FDS has been developed by NIST with input and development 
participation from the fire protection engineering community.  FDS (version 5 used in 
this analysis) is a Computational Fluid Dynamics (CFD) model specifically developed for 
fire applications. The model numerically solves a form of the conservation equations for 
mass, momentum, and energy in order to track the dispersion of smoke and heat from a 
fire.  The model segregates a given geometry into a user defined grid of cells, or control 
volumes, and solves the conservation equations for each cell.  These numerical 
calculations form the basis for predicting the environmental conditions throughout the 
modeled space.  The FDS model predicts an idealized representation of a real 
compartment fire. The following image depicts the overall building as modeled in FDS. 
 
Figure 11. FDS Model 
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The FDS model essentially establishes a three dimensional grid throughout the 
modeled area and solves the conservation equations for each resulting grid cell.  Due to 
the large sizes of the modeled spaces, 6 meshes are used, with an approximate grid 
size of 1 ft. x 1 ft. x 1 ft. (.3 m x .3 m x .3m) for all 6 meshes. Solid ‘blue’ blocks are used 
to fill in spaces that are not a portion of the atrium, but are located within a mesh. This 
reduces the computational time, as radiation does not need to be calculated in areas 
that are solid and not considered a portion of the atrium.  
Smoke Control System Design 
A NFPA 92 Hand Calculation was performed in order to provide an estimate for smoke 
control system design. This estimated a minimum required 335,000 CFM of exhaust for 
a balcony spill plume scenario found on Level 1 and 370,000 CFM of exhaust for an 
axisymmetrical fire located on Level 1 (see Appendix K for NFPA 92 Hand 
Calculations). However, after multiple FDS iterations, it proved that a higher CFM would 
be required than what was suggested by NFPA 92. This could be due to multiple 
factors: the unique size and shape of the atrium (causing smoke entrainment), the 
distribution of atrium openings, the material properties used in the scenario, and the fire 
size selected.  
As a result, a 710,000 CFM exhaust was modeled in order to attempt to create tenable 
conditions for 23.22 min. The exhaust was designed as 71 ceiling exhaust vents (green 
exhaust vents at ceiling level shown below in Figure 12) at 10,000 CFM each and sized 
at 3 ft. x 3 ft. (.9m x .9m). The exhaust vents are spaced 6 ft. apart on center.  
 
Figure 12. Smoke Control System Design 
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710,000 CFM exhaust requires a minimum 603,500 CFM of makeup air in accordance 
with NFPA 92 A.4.4.4.1. The architect requested the use of operable windows and 
louvers on Level 1 in order to naturally provide makeup air. Makeup air openings must 
be located below the smoke layer interface (NFPA 92 § 4.4.4.1.1).  Makeup air velocity 
is recommended to be provided at a rate not to exceed 200 ft./min (NFPA 92 § 
4.4.4.1.4).  This value is defined by NFPA 92 so that velocities will not cause the plume 
to shift sideways. However, only 2,485 sq.ft. of openings on Level 1 could be provided. 
In theory, this will increase the velocity through the makeup air openings to 243 ft./min. 
FDS modeling was used to support an increase in makeup air velocity as it did not 
cause the plume to shift sideways within the atrium.    
Makeup air openings can be accomplished with louvers and operable windows that 
open when the smoke exhaust system activates. These louvers and operable windows 
are spread along the glass curtain wall of the atrium on Level 1 (pink openings shown in 
Figure 12).  Exterior doors on hold opens will also be utilized as a portion of the makeup 
air (233.25 sq.ft.).  
Fire Design Scenario 1 
The following images show smoke, temperature, and visibility results for the final smoke 
exhaust system configuration at 23.22 min.  Similar images could be provided for CO 
tenability; however, for the subject simulations, the CO results are well below the 
tenability criteria. For this Fire Scenario 1, sprinkler control was not observed. As a 
result, the fire was allowed to reach a maximum heat release rate of 5,250 kW. The fire 
was held at this maximum heat release rate for the duration of the 23.22 min. This 
produced the largest amount of smoke and highest temperatures observed for all three 
scenarios as shown in Figure 13.  
Obstacles have been hidden within Figure 14 & Figure 15 for better view of the slice 
files at all levels. Slices are provided 6 ft. above every walking surface throughout the 
atrium. Tenability is maintained within the atrium.   
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Figure 13. Smokeview for Fire Scenario 2 
 
Figure 14. Temperature Slice for Fire Scenario 2 
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Figure 15. Visibility Slice for Fire Scenario 2 
Temperatures are shown in excess of 60°C directly above the fire within the plume as 
shown in Figure 14. This is not considered failed criteria as it is assumed untenable 
conditions will exist within the plume.  
However, visibility was shown to drop below 10 m. (33 ft.) within the hallways above 
Level 1 west of the fire location in Figure 15. Introducing makeup mechanically is not an 
option. As a result, the openings available for makeup air are maxed out for the curtain 
wall on Level 1. Since makeup air cannot be increased, the exhaust rate cannot be 
increased, and additional exhaust cannot be provided at the ceiling level or localized 
within the hallways. I recommend providing a cross corridor doors to separate the 
hallway from the remainder of the atrium to prevent smoke entrainment within this 
space. This will allow smoke to collect and be exhausted through other areas of the 
atrium space, which still have high visibility after 23.22 min.  
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Figure 16. Velocity Slices for Fire Scenario 2 
Makeup air through the natural openings is shown to exceed 200 ft./min (1m/s) and 
approach 800 ft./min (4m/s) as shown in Figure 16. Velocities along the grand stair case 
are shown to exceed 1500 ft./min (8m/s). The grand stair case should not be used as a 
portion of the means of egress for this smoke control system design. The smoke control 
system appears to be short-circuited under the current configuration, as no smoke is 
found in the western portion of the atrium. If the grand staircase is not used as a portion 
of the means of egress, velocities are not an issue, as disruption of the smoke interface 
on Level 1 is not observed, and tenability is maintained throughout the atrium.  
Fire Design Scenario 2 
Fire Design Scenario 2 was placed in the eastern corner of Level 1 as this had the 
longest distance for the plume to travel to an opening and also had the highest ceiling. 
This would delay sprinkler activation the longest and cause for the plume to travel the 
furthest distance before it encounters an atrium opening.  
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Figure 17. SmokeView for Fire Scenario 1 
As shown in Figure 17, smoke escapes the atrium through the makeup air openings 
found on Level 1. This is one of the reasons the same scenario was performed on Level 
2. Smoke travels along the ceiling level of the atrium until it encounters the first opening.  
Temperatures are shown exceeding 60°C and visibility is shown less than 10 m. (33 ft.) 
outside the building underneath the extended slab of Level 4 in Figures 18 and 19. This 
is outside the building; therefore, the simulations are considered to pass the set criteria.  
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Figure 18. Temperature Slice File 
 
Figure 19. Visibility Slice for Fire Scenario 1 
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Figure 20. Velocities for Fire Scenario 1 
The velocities observed for Fire Scenario 2 are similar to Scenario 1; however, 
increased velocities through the eastern face of the curtain wall are observed due to the 
fact the fire is located next to the eastern curtain wall.  
Fire Scenario 3 
Fire Scenario 3 is identical to Fire Scenario 2, but the effect of placing a fire on Level 2 
is observed. This scenario was performed in order to eliminate the effect of any smoke 
allowed to escape makeup air openings. Visibility and Temperature fail within the 
plume, but pass within all other locations. Velocities observed are similar to the 
velocities of Scenario 1. This fire scenario passes all criteria.   
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Figure 13. Smokeview for Fire Scenario 3 
 
Figure22. Temperature Slice for Scenario 3 
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Figure23. Visibilty Slice for Fire Scenario 3 
 
Figure24. Velocity Slice for Fire Scenario 3 
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FDS Modeling Conclusion 
In conclusion, Levels 2-5 did not pass visibility criteria established for Fire Scenario 1. 
The exhaust system was maxed out as a result of a lack of curtain wall space for 
additional natural makeup air openings. I recommend separating these hallways from 
the remainder of the atrium with 1-hour fire barriers. The CFM rate of the exhaust 
system may be reduced after these hallways are separated and the scenarios are rerun.  
Makeup air for this analysis was simulated using natural makeup air openings found 
within the curtain wall on Level 1. This was accomplished with louvers or windows that 
open automatically upon activation of the smoke control system. It was assumed that 
the actual area, as a result of louver and window operation, was the area provided 
within the curtain wall in the FDS models. In actuality, additional area will be required, 
as the area the louvers and windows occupy within the curtain wall will not be 
equivalent to area provided for makeup air.  
This analysis has outlined several notable assumptions: including the use and 
combustible loading of the space, the configuration/capacities of the smoke control 
system exhaust, and make-up air components which are critical to the analysis. For an 
added degree of safety, conservative assumptions were taken with regards to this 
analysis in order to ensure safe egress for all occupants. 
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Appendix B: Occupant Loading and Exit Capacity Calculations 
 
Level 1 Occupant Loading: 
Table B.1. Level One Occupant Loading 
Group Area (sq.ft.) OLF 
(sq.ft/occupant) 
Occupants 
Fixed Seating 2,225 N/A 90 
Assembly 2301 15 154 
Business 7,552 100 86 
Kitchen 325 200 2 
Storage/Mechanical 3,209 300 15 
Totals 15,611  347 
  
 The fixed seating area was loaded at 90 occupants (amount of seats within the 
lecture hall). The circulation space within the lecture hall was loaded as assembly (15 
sq.ft./occupant net). The remaining circulation space was loaded as Business (100 
sq.ft./occupant gross).  
Level 1 Exit Capacity: 
Table B.2. Level One Exit Capacity 









Door 1 136” .2 680 88 
Door 2 68” .2 340 86 
Door 3 34” .2 170 86 
Door #4 68” .2 340 87 
Totals   1,530 347 
  
 Each door that has a 36 in. door frame had an effective width of 34 in. due to 
projection of the door (2in.) into the effective width of the door frame.  The total Exit 
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Level 1.5 Occupant Loading: 
Table B.3. Level 1.5 Occupant Loading 
Group Area (sq.ft.) OLF 
(sq.ft/occupant) 
Occupants 
Business 908 100 12 
Storage/Mechanical 3,664 300 19 
Totals 4,572  31 
  
 The occupant loading of Level 1.5 includes both the east and the west portion 
within Table B.3 above.  
 
Level 1.5 Exit Capacity: 
Table B.4. Level 1.5 Exit Capacity 









Door 1 68” .2 340 0 
Stair 1 44” .3 146 10 
Stair 2 44” .3 146 21 
Totals   632 31 
  
 It is assumed that no occupants utilize the door directly to the exterior from the 
eastern portion of Level 1.5. Stairs have an effective width equivalent to the stair width 
(56 in.) minus 12 in. or 44 in. in accordance with LSC § A.7.3.3.2. The stair is a more 
restrictive egress component than the 34 in. effective width door leading into the stair.  
Level 2 Occupant Loading: 
Table B.5. Level Two Occupant Loading 
Group Area (sq.ft.) OLF 
(sq.ft/occupant) 
Occupants 
Business 13,927 100 176 
Storage/Mechanical 1,300 300 9 
Totals 15,228  185 
  
 Level 2 contains offices and accessory storage and mechanical spaces.  
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Level 2 Exit Capacity: 
Table B.6. Level Two Exit Capacity 









Stair 1 44” .3 146 92 
Stair 2 44” .3 146 93 
Totals   292 185 
  
 Levels 2-5 are provided with two stairs remotely located on either side of the 
DAB with access through the atrium. The Exit Capacity of Level 2 exceeds the occupant 
load.  
Level 3 Occupant Loading: 
Table B.7. Level Three Occupant Loading 
Group Area (sq.ft.) OLF 
(sq.ft/occupant) 
Occupants 
Business 14,809 100 169 
Storage/Mechanical 728 300 7 
Totals 15,537  176 
  
 Level 3 contains offices and accessory storage and mechanical spaces.  
Level 3 Exit Capacity: 
Table B.8. Level 3 Exit Capacity 









Stair 1 44” .3 146 88 
Stair 2 44” .3 146 88 
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Level 4 Occupant Loading: 
Table B.9. Level Four Occupant Loading 
Group Area (sq.ft.) OLF 
(sq.ft/occupant) 
Occupants 
Fixed Seating 769 N/A 49 
Laboratories 3,487 50 73 
Locker Rooms 333 50 8 
Business 9,964 100 115 
Storage/Mechanical 867 300 8 
Totals 15,421  253 
  
 The fixed seating area was loaded at 49 occupants (amount of fixed seats within 
staff lounge). The remainder of the floor contains laboratories, locker rooms, offices, 
and accessory storage and mechanical spaces.  
Level 4 Exit Capacity: 
Table B.10. Level 4 Exit Capacity 









Stair 1 44” .3 146 126 
Stair 2 44” .3 146 127 
Totals   292 253 
 
Level 5 Occupant Loading: 
Table B.11. Level Five Occupant Loading 
Group Area (sq.ft.) OLF 
(sq.ft/occupant) 
Occupants 
Assembly 935 15 63 
Business 12,142 100 143 
Storage/Mechanical 453 300 4 
Totals 13,530  210 
  
 Level 5 contains a boardroom (assembly), offices, and accessory storage and 
mechanical spaces.  
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Level 5 Exit Capacity: 
Table B.12. Level 4 Exit Capacity 









Stair 1 44” .3 146 105 
Stair 2 44” .3 146 105 
Totals   292 210 
 
Penthouse Level Occupant Loading: 
Table B.13. Penthouse Level Occupant Loading 
Group Area (sq.ft.) OLF 
(sq.ft/occupant) 
Occupants 
Business 570 100 7 
Storage/Mechanical 7,047 300 27 
Totals 7,617  34 
  
 The mechanical Penthouse Level is considered normally unoccupied (LSC § 
3.3.268.1). However, for the purposes of Exit Capacity and exiting, it was still 
calculated. The vestibules to the Penthouse Level are loaded as business.  
Penthouse Level Exit Capacity:  
Table B.14. Penthouse Level Exit Capacity 









Stair 1 44” .3 146 17 
Stair 2 44” .3 146 17 
Totals   292 34 
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*Site Fire Protection Drawings were developed by the Design team and do not 
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*Sprinkler Conceptual Design Drawings were developed by RJA, reviewed by David 






PROVIDE CLOSELY SPACED SPRINKLERS ON BOTH SIDES OF THE GLASS WALL IN ACCORDANCE WITH
SECTION 404.6 EXCEPTION 1 OF THE 2012 INTERNATIONAL BUILDING CODE, AND SECTION 8.15.4 OF THE
2010 EDITION OF NFPA 13. SPRINKLERS SHALL BE LOCATED BETWEEN 4 INCHES AND 12 INCHES AWAY
FROM THE GLASS AND AT INTERVALS ALONG THE GLASS NOT GREATER THAN 6 FEET.
PROVIDE CLOSELY SPACED SPRINKLERS ON THE ROOM SIDE ONLY OF THE GLASS WALL IN ACCORDANCE
WITH SECTION 404.6 EXCEPTION 1 OF THE 2012 INTERNATIONAL BUILDING CODE, AND SECTION 8.15.4 OF
THE 2010 EDITION OF NFPA 13. SPRINKLERS SHALL BE LOCATED BETWEEN 4 INCHES AND 12 INCHES
AWAY FROM THE GLASS AND AT INTERVALS ALONG THE GLASS NOT GREATER THAN 6 FEET.
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ASSEMBLY - FLOOR CONTROLFCA
SPRINKLER ZONE LINE
ATRIUM AREA



























































































































































































































































400 West Cesar Chavez
Suite 500
fax: 512 477 3211
tel: 512 472 6721
AUSTIN
www.pspaec.com













DataCom Design Group, Inc
7600 Burnet Road, Suite 350
Austin, TX 78757 T 512-478-6001
FIRE PROTECTION
Rolf Jensen & Accociates
8827 West Sam Houston Parkway N,Suite 150
Houston, TX 77040 T 281-640-7100
STRUCTURAL ENGINEER
Rogers Moore Engineers
221 West 6th Street, Suite 800



































































































































































































































































































MICHAEL J. MACE, ARCHITECT
TEXAS REGISTRATION NO. 15271
THIS DOCUMENT IS  RELEASED FOR THE
PURPOSE OF INTERIM REVIEW UNDER THE
AUTHORITY OF
IT IS NOT TO BE USED FOR REGULATORY
APPROVAL, BIDDING, PERMIT, OR
CONSTRUCTION PURPOSES.
INTERIM REVIEW
 1/8" = 1'-0"1








PROVIDE CLOSELY SPACED SPRINKLERS ON BOTH SIDES OF THE GLASS WALL IN ACCORDANCE WITH
SECTION 404.6 EXCEPTION 1 OF THE 2012 INTERNATIONAL BUILDING CODE, AND SECTION 8.15.4 OF THE
2010 EDITION OF NFPA 13. SPRINKLERS SHALL BE LOCATED BETWEEN 4 INCHES AND 12 INCHES AWAY
FROM THE GLASS AND AT INTERVALS ALONG THE GLASS NOT GREATER THAN 6 FEET.
PROVIDE CLOSELY SPACED SPRINKLERS ON THE ROOM SIDE ONLY OF THE GLASS WALL IN ACCORDANCE
WITH SECTION 404.6 EXCEPTION 1 OF THE 2012 INTERNATIONAL BUILDING CODE, AND SECTION 8.15.4 OF
THE 2010 EDITION OF NFPA 13. SPRINKLERS SHALL BE LOCATED BETWEEN 4 INCHES AND 12 INCHES
AWAY FROM THE GLASS AND AT INTERVALS ALONG THE GLASS NOT GREATER THAN 6 FEET.
1
2
VALVE - FIRE HOSE
FIRE PROTECTION LEGEND:
FHV
ASSEMBLY - FLOOR CONTROLFCA
SPRINKLER ZONE LINE
ATRIUM AREA












































































































































































400 West Cesar Chavez
Suite 500
fax: 512 477 3211
tel: 512 472 6721
AUSTIN
www.pspaec.com













DataCom Design Group, Inc
7600 Burnet Road, Suite 350
Austin, TX 78757 T 512-478-6001
FIRE PROTECTION
Rolf Jensen & Accociates
8827 West Sam Houston Parkway N,Suite 150
Houston, TX 77040 T 281-640-7100
STRUCTURAL ENGINEER
Rogers Moore Engineers
221 West 6th Street, Suite 800



































































































































































































































































































MICHAEL J. MACE, ARCHITECT
TEXAS REGISTRATION NO. 15271
THIS DOCUMENT IS  RELEASED FOR THE
PURPOSE OF INTERIM REVIEW UNDER THE
AUTHORITY OF
IT IS NOT TO BE USED FOR REGULATORY
APPROVAL, BIDDING, PERMIT, OR
CONSTRUCTION PURPOSES.
INTERIM REVIEW
 1/8" = 1'-0"1





PROVIDE CLOSELY SPACED SPRINKLERS ON BOTH SIDES OF THE GLASS WALL IN ACCORDANCE WITH
SECTION 404.6 EXCEPTION 1 OF THE 2012 INTERNATIONAL BUILDING CODE, AND SECTION 8.15.4 OF THE
2010 EDITION OF NFPA 13. SPRINKLERS SHALL BE LOCATED BETWEEN 4 INCHES AND 12 INCHES AWAY
FROM THE GLASS AND AT INTERVALS ALONG THE GLASS NOT GREATER THAN 6 FEET.
PROVIDE CLOSELY SPACED SPRINKLERS ON THE ROOM SIDE ONLY OF THE GLASS WALL IN ACCORDANCE
WITH SECTION 404.6 EXCEPTION 1 OF THE 2012 INTERNATIONAL BUILDING CODE, AND SECTION 8.15.4 OF
THE 2010 EDITION OF NFPA 13. SPRINKLERS SHALL BE LOCATED BETWEEN 4 INCHES AND 12 INCHES
AWAY FROM THE GLASS AND AT INTERVALS ALONG THE GLASS NOT GREATER THAN 6 FEET.
1
2
VALVE - FIRE HOSE
FIRE PROTECTION LEGEND:
FHV
ASSEMBLY - FLOOR CONTROLFCA
SPRINKLER ZONE LINE
ATRIUM AREA








































































































































































































































































































































































































400 West Cesar Chavez
Suite 500
fax: 512 477 3211
tel: 512 472 6721
AUSTIN
www.pspaec.com













DataCom Design Group, Inc
7600 Burnet Road, Suite 350
Austin, TX 78757 T 512-478-6001
FIRE PROTECTION
Rolf Jensen & Accociates
8827 West Sam Houston Parkway N,Suite 150
Houston, TX 77040 T 281-640-7100
STRUCTURAL ENGINEER
Rogers Moore Engineers
221 West 6th Street, Suite 800



































































































































































































































































































MICHAEL J. MACE, ARCHITECT
TEXAS REGISTRATION NO. 15271
THIS DOCUMENT IS  RELEASED FOR THE
PURPOSE OF INTERIM REVIEW UNDER THE
AUTHORITY OF
IT IS NOT TO BE USED FOR REGULATORY
APPROVAL, BIDDING, PERMIT, OR
CONSTRUCTION PURPOSES.
INTERIM REVIEW
 1/8" = 1'-0"1
FIRE PROTECTION LEVEL 02
UP
KEYNOTES:
PROVIDE CLOSELY SPACED SPRINKLERS ON BOTH SIDES OF THE GLASS WALL IN ACCORDANCE WITH
SECTION 404.6 EXCEPTION 1 OF THE 2012 INTERNATIONAL BUILDING CODE, AND SECTION 8.15.4 OF THE
2010 EDITION OF NFPA 13. SPRINKLERS SHALL BE LOCATED BETWEEN 4 INCHES AND 12 INCHES AWAY
FROM THE GLASS AND AT INTERVALS ALONG THE GLASS NOT GREATER THAN 6 FEET.
PROVIDE CLOSELY SPACED SPRINKLERS ON THE ROOM SIDE ONLY OF THE GLASS WALL IN ACCORDANCE
WITH SECTION 404.6 EXCEPTION 1 OF THE 2012 INTERNATIONAL BUILDING CODE, AND SECTION 8.15.4 OF
THE 2010 EDITION OF NFPA 13. SPRINKLERS SHALL BE LOCATED BETWEEN 4 INCHES AND 12 INCHES
AWAY FROM THE GLASS AND AT INTERVALS ALONG THE GLASS NOT GREATER THAN 6 FEET.
1
2
VALVE - FIRE HOSE
FIRE PROTECTION LEGEND:
FHV
ASSEMBLY - FLOOR CONTROLFCA
SPRINKLER ZONE LINE
ATRIUM AREA










































































































































































































































































400 West Cesar Chavez
Suite 500
fax: 512 477 3211
tel: 512 472 6721
AUSTIN
www.pspaec.com













DataCom Design Group, Inc
7600 Burnet Road, Suite 350
Austin, TX 78757 T 512-478-6001
FIRE PROTECTION
Rolf Jensen & Accociates
8827 West Sam Houston Parkway N,Suite 150
Houston, TX 77040 T 281-640-7100
STRUCTURAL ENGINEER
Rogers Moore Engineers
221 West 6th Street, Suite 800



































































































































































































































































































MICHAEL J. MACE, ARCHITECT
TEXAS REGISTRATION NO. 15271
THIS DOCUMENT IS  RELEASED FOR THE
PURPOSE OF INTERIM REVIEW UNDER THE
AUTHORITY OF
IT IS NOT TO BE USED FOR REGULATORY
APPROVAL, BIDDING, PERMIT, OR
CONSTRUCTION PURPOSES.
INTERIM REVIEW
 1/8" = 1'-0"1
FIRE PROTECTION LEVEL 03
KEYNOTES:
PROVIDE CLOSELY SPACED SPRINKLERS ON BOTH SIDES OF THE GLASS WALL IN ACCORDANCE WITH
SECTION 404.6 EXCEPTION 1 OF THE 2012 INTERNATIONAL BUILDING CODE, AND SECTION 8.15.4 OF THE
2010 EDITION OF NFPA 13. SPRINKLERS SHALL BE LOCATED BETWEEN 4 INCHES AND 12 INCHES AWAY
FROM THE GLASS AND AT INTERVALS ALONG THE GLASS NOT GREATER THAN 6 FEET.
PROVIDE CLOSELY SPACED SPRINKLERS ON THE ROOM SIDE ONLY OF THE GLASS WALL IN ACCORDANCE
WITH SECTION 404.6 EXCEPTION 1 OF THE 2012 INTERNATIONAL BUILDING CODE, AND SECTION 8.15.4 OF
THE 2010 EDITION OF NFPA 13. SPRINKLERS SHALL BE LOCATED BETWEEN 4 INCHES AND 12 INCHES
AWAY FROM THE GLASS AND AT INTERVALS ALONG THE GLASS NOT GREATER THAN 6 FEET.
1
2
VALVE - FIRE HOSE
FIRE PROTECTION LEGEND:
FHV
ASSEMBLY - FLOOR CONTROLFCA
SPRINKLER ZONE LINE
ATRIUM AREA
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FIRE PROTECTION LEVEL 04
UP
KEYNOTES:
PROVIDE CLOSELY SPACED SPRINKLERS ON BOTH SIDES OF THE GLASS WALL IN ACCORDANCE WITH
SECTION 404.6 EXCEPTION 1 OF THE 2012 INTERNATIONAL BUILDING CODE, AND SECTION 8.15.4 OF THE
2010 EDITION OF NFPA 13. SPRINKLERS SHALL BE LOCATED BETWEEN 4 INCHES AND 12 INCHES AWAY
FROM THE GLASS AND AT INTERVALS ALONG THE GLASS NOT GREATER THAN 6 FEET.
PROVIDE CLOSELY SPACED SPRINKLERS ON THE ROOM SIDE ONLY OF THE GLASS WALL IN ACCORDANCE
WITH SECTION 404.6 EXCEPTION 1 OF THE 2012 INTERNATIONAL BUILDING CODE, AND SECTION 8.15.4 OF
THE 2010 EDITION OF NFPA 13. SPRINKLERS SHALL BE LOCATED BETWEEN 4 INCHES AND 12 INCHES
AWAY FROM THE GLASS AND AT INTERVALS ALONG THE GLASS NOT GREATER THAN 6 FEET.
1
2
VALVE - FIRE HOSE
FIRE PROTECTION LEGEND:
FHV
ASSEMBLY - FLOOR CONTROLFCA
SPRINKLER ZONE LINE
ATRIUM AREA
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FIRE PROTECTION LEVEL 05
VALVE - FIRE HOSE
FIRE PROTECTION LEGEND:
FHV
ASSEMBLY - FLOOR CONTROLFCA
SPRINKLER ZONE LINE
ATRIUM AREA
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2 1/2" FIRE HOSE VALVE




































2 1/2" FIRE HOSE VALVE







PIPE SLEAVE SHOULD EXTEND
ABOVE FLOOR LEVEL TO PROVIDE
A WATER BARRIER
AN ADDITIONAL CLAMP IS REQUIRED
ON UNDERSIDE OF FLOOR IF RUBBER
GASKETS OR FLEXIBLKE COUPLINGS
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STANDPIPE RISER WITH HOSE VALVE ASSEMBLY AND FLOOR CONTROL VALVE ASSEMBLY
NTS2





















































STAIR #2 STAIR #1
FIRE PUMP TEST HEADER
VALVE - FIRE HOSE
NON SPRINKLERED SPACE







FIRE DEPARTMENT INLET CONNECTION
VALVE - CHECK
ASSEMBLY - BACKFLOW PREVENTER
DOUBLE CHECK VALVE
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FIRE PROTECTION RISER DIAGRAM
Fire Protection & Life Safety Analysis  June 12, 2014  








Project Name : MOB      
 
Drawing No. :                 
                                
 
Project Location:        
 
City:      
CALCULATION SUMMARY
Design Areas
Design AreaName Min.DensityArea ofApplicationOccupancy CalculatedHeadsMin.Pressure HoseStreamsTotal Water Pressure @Source
Margin ToSource




 1 0 784 66.5 0 250 3 0 17100Demand (HW)
Date 12/19/2013 Page 1Copyright © 2002-2011 Tyco Fire Protection Products










Area of Application (ft²)
 
Coverage per Sprinkler (ft²)
 








Total Water Required (incl. Hose Streams) (gpm)
 













































Project Name : MOB      
 
Contract No. :                   
 
Project Location:                                                                                                         
 
 
City:      
 
Date: 12/19/2013
Name of Contractor:  
 
Address:                            
 
Phone Number:                     
 
Name of Designer:  mcl
 
Authority Having Jurisdiction:      
 
 
City:                    
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Diagram for Design Area :  1
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Hydraulic Analysis for :  1
Water Supply Parameters
Calculation Info
Calculation ModeHydraulic ModelFluid NameFluid Weight, (lb/ft³)Fluid Dynamic Viscosity, (lb·s/ft²)
DemandHazen-WilliamsWater @ 60F (15.6C)N/A for Hazen-Williams calculation.N/A for Hazen-Williams calculation.
















Inside Hose Flow (gpm)
 
Outside Hose Flow (gpm)
 
Additional Outside Hose Flow (gpm)
 
Other (custom defined)  Hose Flow (gpm)
 










Ovehead Sprinkler Flow (gpm)
 
InRack Sprinkler Flow (gpm)
 
Other (custom defined) Sprinkler Flow (gpm)
 







Required Margin of Safety (psi)
 
W1  - Pressure (psi)
 
W1  - Flow (gpm)
 







164.6 psi @ 784 gpm
Sprinklers
Other
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Hydraulic Analysis for :  1
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0S1 84.6Supply point #1 - Static




Curve Intersections & Safety Margins
Flow (gpm)
Safety MarginIntersection
Pressure (psi) @ Flow (gpm)
1012.5Supply 82.8 17 784
Open Heads







S100 0 250 100 0 1002500StandpipeDemand
S101 0 250 100 0 101.9252.40StandpipeDemand
S102 0 250 100 0 126.8281.60StandpipeDemand
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Node Data













S10087.33 Standpipe DemandSDNODE  Open 2500 100-39.6 100250
S10187.33 Standpipe DemandSDNODE  Open 252.42.4 101.9-39.6 100250
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Pipe Data













143 CmainPIPE 402.5 1200.004 1(fm.Tee-Br);12 113 25016.75 0.21572.8 1.90 41S100
140 CmainPIPE 402.5 1200.004 2(fm.90A);12 5.5217.52 502.433.67 0.785713.8 7.62.4 3941
133 CmainPIPE 106 1200.004 7(fm.90A);123.22 35.58158.8 502.45.08 0.00791.2 0.22.3 3239
129 CmainPIPE 406 1200.004 3(fm.Tee-Run);1(fm.Tee-Br);51 51.58102.58 502.45.58 0.00991 0.222.4 2432
118 CmainPIPE 106 1200.004 1(fm.Tee-Run);6(fm.90A);114.42 209.41323.83 502.45.08 0.00792.5 0.20 1724
150 CmainPIPE 106 1200.004 3(fm.90A);52.81 28.6481.45 7847.92 0.01791.5 0.44.5 48-O17
159 PumpPump DMS Fire Pump6 00 1.5 7840 65.4443-98.2 00 48-I48-O
152 CmainPIPE 106 1200.004 2(fm.90A);35.21 12.9348.13 7847.92 0.01790.9 0.4-4.1 5048-I
154 CmainPIPE 406 1200.004 2(fm.90A);28 29.557.5 7848.71 0.02251.3 0.512.1 5350
156 CmainPIPE DI3506 1400.0018 6.23 7847.82 0.0130.1 0.40 W153
242 CmainPIPE 402.5 1200.004 1(fm.Tee-Run);3 0.983.98 252.416.91 0.21960.9 1.90 41S101
301 CmainPIPE 402.5 1200.004 1(fm.90A);6 17 281.618.87 0.26881.9 2.40 01S102
317 CmainPIPE 106 1200.004
1(fm.Tee-Br);3(fm.Tee-Run);1(fm.90A);81.73
62143.73 281.62.85 0.00270.4 0.119.3 1701
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PIPE INFORMATION
























































































































































































































































*   Discharge shown for flowing nodes only
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  *   Pressures are balanced to a high degree of accuracy. Values may vary by 0.1 psi due to display rounding.
  *   Maximum Velocity of  33.67 ft/s occurs in the following pipe(s):   (39-41)
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BHP FOR 192 PSI CURVE




180A035  UPPER (ALL)
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BHP FOR 50 PSI CURVE
BHP FOR 40 PSI CURVE
BHP
83%
180A035  UPPER (ALL)
180A036  LOWER (481)
40 PSI













750 G.P.M. 912 SERIES 
ELECTRIC MOTOR DRIVE
Section 912 Page 408
Date June 1, 2007
Supersedes Section 912 Page 408
Dated April 2000
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*Fire Alarm Conceptual Design drawings were developed by RJA, reviewed by David 

































































FIRE ALARM CONTROL PANEL
     "M" DESIGNATES MAIN PANEL
     "R" DESIGNATES REMOTE PANEL
MANUAL PULL STATION
AUDIO/ VISUAL APPLIANCE (WALL MOUNTED)
     (CD=CANDELA RATING)
FIRE ALARM ANNUNCIATOR
TAMPER SWITCH **
AUDIBLE APPLIANCE (WALL MOUNTED)
     (CD=CANDELA RATING)
VISUAL APPLIANCE (WALL MOUNTED)
     (CD=CANDELA RATING)
VISUAL APPLIANCE (CEILING MOUNTED)
     (CD=CANDELA RATING)
WATERFLOW SWITCH **
SMOKE DETECTOR
     "E" INDICATES ELEVATOR RECALL




SPRINKLER ALARM BELL / STROBE
Fire Alarm Legend:
NOTIFICATION CIRCUIT POWER BOOSTER
PANELNAC
AUDIBLE APPLIANCE (CEILING MOUNTED)
     (CD=CANDELA RATING)
AUDIO/ VISUAL APPLIANCE (CEILING MOUNTED)







** FURNISHED AND INSTALLED BY FIRE PROTECTION CONTRACTOR; WITH











FIRE ALARM TERMINAL CABINET










































































































































































































































































































































































































































































































A B C D E F H I NK O
X X X X X X
X X X X X X
X X X X X X
X X X XX











14 FIRE ALARM PANEL AC POWER FAILURE
13 NOTIFICATION APPLIANCE CIRCUIT FAULT




1 MANUAL  FIRE ALARM STATIONS
7 WATERFLOW SWITCH (WET/ DRY)
6 DUCT SMOKE DETECTOR
5 ELEVATOR MECHINE ROOM HEAT DETECTOR
2 ELEVATOR LOBBY SMOKE DETECTOR, FIRST FLOOR
XX X15 GENERATOR
3 ELEVATOR LOBBY SMOKE DETECTOR (ALL LEVELS EXCEPT FIRST FLOOR)
4 ELEVATOR MECHINE ROOM SMOKE DETECTOR
X X X X X XX
X X X X X XX
8 ATRIUM SMOKE DETECTOR
8 ATRIUM WATERFLOW SWITCH
X X X X X X
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FIRE ALARM ONE LINE DIAGRAM AND
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FIRE ALARM RISER DIAGRAM
N.T.S2
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STONE VENEER STONE VENEER GLAZED DECORATIVE
METAL RAILING
ALUM FRAMED STOREFRONT
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MOUNT VISUAL AND COMBINATION AUDIBLE/VISUAL APPLIANCES SUCH THAT THE ENTIRE LENS IS
NOT LESS THAN 80" AND NOT GREATOR THEN 96" A.F.F.
MOUNT AUDIBLE APPLIANCES SUCH THAT THE TOP OF THE APPLIANCE IS AT A MINIMUM HEIGHT
OF 90" A.F.F. AND BELOW THE FINISHED CEILING AT A MINIMUM HEIGHT OF 6"
IN AREAS WHERE MORE THEN TWO VISIBLE NOTIFICATION APPLIANCES ARE IN ANY FIELD OF
VIEW, THEY SHALL FLASH IN SYNCHRONIZATION.
IN CORRIDOR APPLICATIONS:






VISIBLE NOTIFICATION APPLIANCES SHALL BE LOCATED WITHIN 15' FROM THE END OF A
CORRIDOR WITH SEPERATION NOT GREATER THE 100' BETWEEN APPLIANCES
WALL-MOUNTED VISIBLE NOTIFICATION APPLIANCES SHELL BE PERMITTED IN EITHER THE
END WALL OR SIDE WALL OF THE CORRIDOR.
IF THERE IS AN INTERRUPTION OF THE CONCENTRATED VIEWING PAT, SUCH AS A FIRE
DOOR, AN ELEVATION CHANGE, OR ANY OTHER OBSTRUCTION, THE AREA SHALL BE




FOR ROOMS WITH A LINEAR DIMENSION GREATER THEN 16' THE VISIBLE NOTIFICATION
APPLIANCES SHALL BE LOCATED WITHIN 16' OF THE PILLOW
IF THE DISTANCE FROM THE TOP OF THE STROBE LENS IS EQUAL TO OR GREATER THEN
24" FROM THE CEILING THEN THE STROBE SHALL BE 110cd. IF THE DISTANCE FROM THE TOP







THE OPERABLE PART OF EASH MANUAL FIRE ALARM BOX SHALL BE NOT LESS THEN
42" AND NOT GREATOR THEN 54" A.F.F.
MANUAL FIRE ALARM BOXES SHALL BE LOCATED WITHIN 5' OF THE EXIT DOORWAY
OPENING ON EASH FLOOR.
MANUAL FIRE ALARM PULL BOES SHALL BE MOUNTED ON BOTH SIDES OF A GROUPED
EXIT OPENING GREATER THEN 40'
ADDITIONAL MANUAL FIRE ALARM PULL BOXES SHALL BE PROVIDED SO THAT TRAVEL
































INSERT A PLUG IN THIS
END OF INLET TUBE
INSTALLATION NOTES
WHERE DUCT DETECTORS ARE USED TO INITIATE THE OPERATION OF SMOKE DAMPERS,
THEY SHOULD BE LOCATED SO THAT THE DETECTOR IS BETWEEN THE LAST INLET OR
THE OUTLET UPSTREAM OF THE DAMPER AND THE FIRST INLET ON OUTLET
DOWNSTREAM OF THE DAMPER.
IN ORDER TO OBTAIN A REPRESENTATIVE SAMPLE, STRATIFICATION AND DEAD AIR
SPACE SHOULD BE AVOIDED. SUCH CONDITIONS COULD BE CAUSED BY RETURN DUCT
OPENINGS, SHARP TURNS, OR CONNECTIONS, AS WELL AS BY LONG, UNINTERRUPTED
STRAIGHT RUNS.
IN RETURN AIR SYSTEMS, THE REQUIREMENTS OF 17.7.5.4.2.2 TAKE PRECEDENCE OVER
THESE CONSIDERATIONS.
THE INLET SAMPLING TUBE SHALL SPAN THE ENTIRE WIDTH OF THE DUCT AND
PROTRUDE IT BY 1 TO 2 INCHES AND THE SUPPLIED PLUG SHALL BE INSTALLED.
LONGER INLET SAMPLING TUBES MAY REQUIRE SUPPORT INSIDE THE DUCT WORK.
ALL DUCT SMOKE DETECTORS SHALL BE INSTALLED SO THAT THE INLET SAMPLING
TUBE GOES HORIZONTALLY THROUGH THE WIDEST PART OF THE DUCT, UNLESS THE
DUCT SMOKE DETECTOR IS SPECIFICALLY LISTED TO BE INSTALLED VERTICALLY.
THE INLET SAMPLING TUBE SHOULD BE ANGLED DOWN FROM THE DUCT SMOKE
DETECTOR HOUSING TO ALLOW FOR MOISTURE DRAINAGE AWAY FROM THE DETECTOR
(1/2" DROP PER 12" TYPICAL)
DUCT SMOKE DETECTORS SHALL ONLY BE INSTALLED IN SYSTEM(S) WITHIN LISTED CFM
OF THE DETECTOR.
THE DUCT DETECTOR AND INLET SAMPLE TUBE PLUG MUST BE ACCESSIBLE.
ALL SAMPLING TUBE AND SMOKE DUCT DETECTOR HOUSING DUCT PENETRATIONS
MUST BE PROPERLY SEALED.













INLET TUBE HOLES FACE INTO
THE DIRECTION OF AIRFLOW
(UPSTREAM OF AIRFLOW)
RETURN TUBE SLANT CUT TO FACE
ORIENTED DOWNSTREAM OF AIRFLOW
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MOUNTING HEIGHTS FOR WALL MOUNTED NOTIFICATION APPLIANCES
NTS2
MOUNTING HEIGHTS FOR MANUAL FIRE ALARM PULL BOXES
NTS3
MOUNTING DUCT TYPE SMOKE DETECTOR(S) IN RETURN OR SUPPLY AIR SYSTEM(S) INLET TUBE
ORIENTATION
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Appendix H: DETACT Analysis 
 
  
DETACT.XLS: Estimate of the response time of ceiling mounted fire detectors
Enter the building and detector characteristics below
BUILDING AND DETECTOR CHARACTERISTICS
Ceiling height (H) 7.5 m
Radial distance (R) 2.3 m
Ambient temperature (To) 21 C
Actuation temperature (Td) 72 C
Response time index (RTI) 50 (m-s)1/2
Maximum simulation time 500 s
Actuation time 198 s
Enter HRR curve as a function of time.  Use as many lines as needed.  The spreadhseet will linerarely interpolate between data points.
Time (s) HRR (KW) Calculation time (s) HRR (KW) Gas temp (⁰C) Gas velocity (m/s) Det temp (⁰C)
0 0 0 0 21.0 0.0 21.0
10 4.69 10 4.69 22.2 0.5 21.1
20 18.76 20 18.76 23.9 0.7 21.4
30 42.21 30 42.21 26.0 0.9 22.0
40 75.04 40 75.04 28.4 1.1 23.0
50 117.25 50 117.25 30.9 1.3 24.4
60 168.84 60 168.84 33.6 1.5 26.2
70 229.81 70 229.81 36.5 1.7 28.2
80 300.16 80 300.16 39.5 1.8 30.6
90 379.89 90 379.89 42.7 2.0 33.2
100 469 100 469 46.0 2.1 36.1
110 567.49 110 567.49 49.3 2.2 39.1
120 675.36 120 675.36 52.8 2.4 42.4
130 792.61 130 792.61 56.4 2.5 45.8
140 919.24 140 919.24 60.1 2.6 49.4
150 1055.25 150 1055.25 63.8 2.8 53.0
160 1200.64 160 1200.64 67.7 2.9 56.8
170 1355.41 170 1355.41 71.6 3.0 60.7
180 1519.56 180 1519.56 75.6 3.1 64.7
190 1693.09 190 1693.09 79.7 3.2 68.7
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Appendix I: Expansion of Egress Analysis 
  








1 119 0.77 
2 177 1.14 
3 63 0.41 
4 118 0.76 
1.5 








































Total Egress Time Upper Floors 
• 34-inch stair discharge doors govern time passage through stair at maximum flow of 
24/person/min/ft. (44 persons/min). 
Stairway Occupant Load Time To Discharge (min.) 
Stair No. 1 438 9.95 
Stair No. 2 430 9.77 
 
 Total Egress Analysis 
 
*Assume floor with largest travel time receives last priority into the stair and out of the discharge door. 
This is the 3rd Level.  
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*NFPA 92 Hand Calculation spreadsheet was developed by RJA. David Gramlich 
updated the spreadsheet for the 2012 requirements and utilized it for the calculation of 
this Atrium.  
NFPA 92, Axisymmetric Plume Calculation ENG Units
Parameters:
[Reference SI Units]
Z = 72.9 ft 22.2 m (Height of the smoke layer above fire.)
Q = 5,000 Btu/s 5275.0 kW (Steady state heat release rate.)
Qc = 3,500 Btu/s 3693 kW (Convective portion of heat release rate, estimated as   0.7 X Q.)
zl = 13.94 ft 4.2 m (Limiting elevation.)
Tamb = 72.0
0F 295.4 0K (Ambient temperature.)
T = 93.6 0F 307.4 0K (Temperature of smoke.)
0  = 0.075 lb/ft3 1.20 kg/m3 (Density of smoke/air at 68 0F.)
 = 0.072 lb/ft3 1.15 kg/m3 (Density of smoke.)
m, Z>zl = 439.64 lb/s 199.6 kg/s (Mass flow rate of smoke production above the limiting elevation.)
m, Z<zl = --- lb/s kg/s (Mass flow rate of smoke production below the limiting elevation.)
V0   = 351,710 ft
3/min 166.0 m3/s (Volumetric rate of smoke production. Standard CFM)
V   = 368,046 ft3/min 173.75 m3/s (Volumetric rate of smoke production. Actual CFM)
xl = 0.35 --- 0.35 --- (Heat loss factor.)
Cp = 0.24 Btu/lb-
0F 1.00 kJ/kg-0K (Specific heat of ambient air.)
g = 32.2 ft/sec2 9.81 m/s2 (Accelleration due to gravity)
Equations used & calculation results:
zl         =     0.533 Qc
2/5 … NFPA 92-2012, eq. (5.5.1.1a)
= 13.943 (ft) 4.2 (m)
   
m, Z > zl =     0.022 Qc
1/3 Z 5/3 + 0.0042 Qc … NFPA 92-2012, eq. (5.5.1.1b)
= 439.64 (lb/s) 199.6 (kg/s)
m, Z < zl =     0.0208 Qc3/5 Z    … NFPA 92-2012, eq. (5.5.1.1c)
= --- # Not applicable because Z is greater than zl.
439.637028
V0        =     60 m /  … NFPA 92-2012, eq. (5.7a)
= 351,710     (ft3/min) 166.04 (m3/s)  
 
T =     T - Tamb = [60 (1-xl) Qc] / (  cp V0) … NFPA 92-2012, Table D.1.3, "Vented Fires"
= 21.56 (0F) 12.0 (0K)  
T =     T amb +  T 
= 93.56 (0F) 307.4 (0K)  
 =    144 Patm / [53.34 (460 + T)] … NFPA 92-2012, eq. (5.8a)
= 0.0717 (lb/ft3) 1.15 (kg/m3)  
V         =     60 m /  … NFPA 92-2012, eq. (5.7a)
= 368,046 (ft3/min) 173.75 (m3/s)
 
  * Assume Z fire  = 0   (ft).
Plume Centerline Temperature  
Tcp = Tamb + 9.1 [(Tamb/(g Cp2 02))1/3] Q2/3/z5/3 … NFPA 92-2012, A-5.5.5a
= 150 0F 338.5 (0K)
Exhaust Fan Rating Temperature
Ts = Qc/(m Cp) + Tamb ...IFC-2012, Eq. 9-3
= 105 0F 313.8 (0K)
Plume Diameter  
dp = Kd(z) … NFPA 92-2012, eq. (5.5.4.1)
= 36.45 (feet) 11.11 (meters)
plume in co 0.5
beam detec 0.25
Average Plume Temperature at elevation z  
Tp = Tamb + Qc/(m Cp) … NFPA 92-2012, eq. (5.5.5)
= 105 0F 313.8 (0K)
Maximum Volumetric Flow Rate From a Single Exhaust Inlet  
Vmax = 452d5/2[(Ts-Tamb)/Tamb]1/2 … NFPA 92-2012, 5.6.3a






= 1806.4 (ft3/min) 0.85 (m3/s)
  0.5
choose a value
  1.0 ceiling mount exhaust inlets, centers located > 2 inlet diamters away from walls
0.5 ceiling mount exhaust inlets, centers located < 2 inlet diamters away from walls
0.5 exhaust inlet on a wall
d = 4.0 depth of smoke layer below the lowest point of the exhaust inlet (feet)
NFPA 92, Balcony Spill Plume Calculation ENG Units
Parameters:
[Reference SI Units]
W = 12 ft 3.7 m (Width of the spill plume.  See NFPA 92B, Sec. 3-7.2.3.)
H = 18.7 ft 5.7 m (Height of opening above fire.)
Zb = 54.2 ft 16.5 m (Height of smoke layer above opening.)
Q = 1,744 Btu/s 1,840 kW (Heat-release rate of the fire.)
Qc = 1,221 Btu/s 1,288 kW (Convective portion of heat release rate, estimated as   0.7 X Q.)
Tamb = 72
0F 295.4 0K (Ambient temperature.)
T = 80.1 0F --- 0K (Temperature of smoke.)
0  = 0.075 lb/ft3 1.20 kg/m3 (Density of smoke/air at 68 0F.)
 = 0.073 lb/ft3 --- kg/m3 (Density of smoke.)
m = 410.52 lb/s --- kg/s (Mass flow rate in plume)
V0   = 328,415 ft
3/min 0.0 m3/s (Volumetric rate of smoke production. Standard CFM)
V   = 335,284 ft3/min --- m3/s (Volumetric rate of smoke production. Actual CFM)
xl = 0.35 --- 0.35 --- (Heat loss factor.)
cp = 0.24 Btu/lb-
0F 1.00 kJ/kg-0K (Specific heat of ambient air.)
Equations used & calculation results:
m   =     0.32 Q1/3 W1/5 (Zb + 0.098 W7/15 H + 19.5 W7/15 - 49.2) … NFPA 92-2012, eq. (5.5.2.6a).
= 410.52 (lb/s) 186.4 kg/s
V0        =     60 m /  … NFPA 92-2012, eq. (5.7a)
= 328,415     (ft3/min) 155.04 (m3/s)  
T =     T - Tamb = [60 (1-xl) Qc] / (  cp V0) … NFPA 92-2012, Table D.1.3, "Vented Fires"
 = 8.05 (0F) 4.5 (0K)  
T =     T amb +  T 
 = 80.05 (0F) 299.8 (0K)
 =    144 Patm / [53.34 (460 + T)] … NFPA 92-2012, eq. (5.8a)
 = 0.073 (lb/ft3) 1.18 (kg/m3)
V        =     60 m /  … NFPA 92-2012, eq. (5.7a)
= 335,284 (ft3/min) 158.3 (m3/s)
(Side View) (Front View)
 
  * Assume Z fire =  0  (ft.)
Average Plume Temperature at elevation z  
Tp = Tamb + Qc/(m Cp) … NFPA 92-2012, A-5.5.5a
= 84 0F 302.3 (0K)
Maximum Volumetric Flow Rate From a Single Exhaust Inlet  
Vmax = 452d5/2[(Ts-Tamb)/Tamb]1/2 … NFPA 92-2012, 5.6.3a
= 537.8 (ft3/min) 0.25 (m3/s)
  0.5
choose a value
  1.0 ceiling mount exhaust inlets, centers located > 2 inlet diamters away from walls
0.5 ceiling mount exhaust inlets, centers located < 2 inlet diamters away from walls
0.5 exhaust inlet on a wall




  Z fire
W
Fire
